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ABSTRACT 

Ceterminants of Snal I Rodent Distribution and 

Abundance in a Shrub-steppe Ecosystem: 

lnfl uences of Seeds, Ants and Shrubs 

by 

Linda Suzanne Broome, Coctor of Philosophy 

Utah State University, 1988 

Major Professor. Dr. James A. MacMahon 

Cepartment. Biology 

Xii 

This study had two major objectives; firstly to test the hypothe

sis of ongoing competition for seeds between smal I rodents and 

harvester ants, Pogonomyrmex occidental is, in a cold desert ecosystem; 

secondly to elucidate how seed abundance and shrub cover influence the 

distribution and abundance of deer mice, Peromyscus maniculatus. The 

study area was a sagebrush (Artemisia tridentata) dominated shrub

steppe in southwestern Wyoming. Responses of the smal I manmal commun i

ty to ant removal and food addition were assessed on rep I icated study 

plots between September 1981 and September 1983. Food addition and 

shrub removal manipulations were continued from September 1983 to 

August 1984. Rodent populations were sampled by I ive-trapping. 

Movements of 40 deerm ice were fol I owed by rad iotrac king during the 

winter, spring and summer of 1983-84. 
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Ant removal el ic i ted Ii ttl e response fran the rodent community, 

although seed preference trials with native seeds in the field indi-

cated considerable overlap in seed use. concluded that competition 

was not a factor affecting smal I rodents during the period of this 

study, although the area cleared of ants may not have been sufficiently 

large to produce a response detectable by trapping. 

Seed addition resulted in increased deermouse population size, 

prolonged breeding, decreased winter (but not summer) home range sizes, 

and during periods of low density, increased grid fide! ity. High fal I 

densities were fol lowed by a classical spring decline with associated 

female sex ratio skew and severe injuries to both sexes. concluded 

that deermice were food limited onlyto the point where social 

interactions during the breeding season I imited maximum densities. 

The absence of shrubs prevented winter use of the 1.25 ha cl eared 

area by deermice. At this time on the non-cleared plots shrubs were 

used to support nests, as foraging sites and as a means of access to 

the snow surface. During summer the area cleared of shrubs provided 

attractive foraging habitat, but most nest sites were still located 

within shrub cover around the edge. 

An important corol I ary of the radio tracking was the i 11 ustration 

of the large hane range sizes of deermice in relation to the size of 

the 0.7 ha trapping grids. The implications of trapping bias affecting 

population fluctuations and measurement of other demographic parameters 

from trapping studies are discussed. 

( 165 pages) 



CHAPTER I 

INTRODUCTION 

1.1 Objectives 

A fundamental theme of population and community ecology is to 

explain what I imits populations, and why individuals are more abundant 

in some areas than in others. Proximate regulating mechanisms may 

include interactions with the same or other species (competitors, 

predators or parasites), and the effects of disease or c I imate. The 

intensity, timing, duration and relative importance of these proximate 

mechanisms are dependent upon environmental factors which prevent un-

I im i ted increase. These factors may include extrinsic variables such 

as the quality and availability of food and cover, and intrinsic vari

ables (or individual qua I ity) such as the physiological, genetic or 

phenotypic status of individuals (Chitty 1967, Watson and t-bss 1970, 

Krebs 1978). It is now widely accepted that control led, manipulative 

field experiments are necessary for elucidation of the relative impor

tance of such influences on animal populations. 

This study had two primary objectives. The first objective was 

to test the prediction that interspecific competition with ants, for 

seeds, was a regulating mechanism for smal I rodent populations in a 

cold desert, shrub-steppe ecosystem. The second objective was to 

assess the extent to which food and shrub cover were I imiting factors 

for the deermouse 

tern. A third, 

(Peromyscus maniculatus) populations in this ecosys

methodological objective arose as a consequence of 
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measuring rodent population parameters from trapping data; suspected 

violations of estimator assumptions led me to evaluate their validity 

by comparing radiotelernetry and trapping results. 

1.2 lnterspecific Competition Between Rodents and Ants 

~st manipulative studies of competition among granivores have 

been conducted in hot deserts. Granivorous desert rodents may be 

inf I uenced by interspecific competition from closely related species 

(Grant 1972, Schroder and Rosenzweig 1975, Hutto 1978, Stamp and Ohmart 

1978, Holbrook 1979, ~unger and Brown 1981, Brown and Munger 1985) or 

from granivorous ants or birds (Brown et al. 1975, Mares and Fbsenzweig 

1978, Brown et al. 1979a, b, Davidson et al. 1980). By conducting 

rec i proca I remova I experiments in the Sonoran Desert, Brown and 

Davidson (1977), Brown et al. (1979~), Davidson et al. (1980, 1984) 

attested that population densities of granivorous desert rodents are 

influenced by interspecific competition from harvester ants (and vice 

versa in the short term, . although ants may be facilitated by the pre

sence of rodents in the long term [Davidson et al. 1984]). In 

contrast, Brown and Munger (1985), Davidson et al. (1985), found no 

evidence of competitive effects of ants on rodents in the Chihuahuan 

Desert. These apparently contradictory results might be due to a 

combination of inappropriate statistical tests and smal I sample biases 

(Galindo 1986), and inadequate grid sizes (Galindo and Krebs 1986). 

Hot deserts are typified by diverse assemblages of species with a low 

density of individuals. In the Sonoran Desert study the rodent samples 

consisted of combined counts of 4 species from 0.1 ha study plots with 
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a maximum sample size of 13. Five species of smal I granivorous rodents 

were combined in the Chihuahuan Desert study, with 2 Dipodomys species 

counted separate I y. Fewer than 7 ind iv idua Is from each of these 3 

groups were trapped during each sampling period on Q.2 5 ha study plots. 

Even so, the authors suggest that lack of competition between r dents 

and ants in the Chihuahuan Desert could be due to diffuse compensation 

and competition between species within each higher taxon (Davidson et 

al. 1985). In an experimental context it is easier to deal with single 

species "communities" (sensu MacMahon et al. 1978), or communities 

having a low species diversity. Fewer potential interactions have to 

be accounted for and I arger samp I e sizes are genera I I y obta i nab I e for 

the dominant species. My study area had advantages in this respect for 

testing interspecific competition between granivorous rodents and 

ants. Several rodent species were present on the study area but 

biomass was comprised predominant I y of one smal I mammal species, the 

deermouse, and on I y one species of harvester ant (Pogonomyrmex 

occidental is). Thus, interspecific competition between ants and mice, 

if it operates in this simple system, should not be masked by inter

actions between species within each higher taxon. 

To infer ongoing competition for a particular resource it is 

neccessary to demonstrate (1) negative interactions between gui Id 

members, (2) overlap in requirements for the resource, and (3) that the 

resource I imits the size of populations (Brown et al. 1979b). Thus, 

the to I I owing hypotheses were tested: 

1. The addition of seeds does not result in a significant in-

crease in smal I rodent population size. 
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2. The removal of ants does not result in a compensatory increase 

in rodent population size. 

3. Rodents and ants do not overlap in their use of seed species. 

The first two h ypotheses were tested by seed addition and ant 

removal treatments on rodent trapping grids. A reciprocal removal 

experiment was not attempted due to the scale of the experimental 

manipulations required to produce statistical I y testable results, and 

the difficulty of removing rodents from large, unfenced study plots. 

Overlaps in seed preferences between rodents and ants were assessed by 

a field study of granivory, in which a variety of indigenous seed 

species were offered seperately to nocturnal rodents (predominantly 

deermice) and ants; diurnal rodents ( least chipmunks Eutamius minimus) 

com b i n e d w i th b i r d s we re i n c I u d e d a s par t o f t he com pet i t i v e m i I i e u • 

1.3 Influences!::! Food and Shrubs on Deermouse Populations 

Resource I imitation may be manifested through competition with 

other species, or more common I y through lntraspecific interactions. 

lntraspecific competition can cause population size and structure to 

f I uctuate ann ua I I y around av a i I ab I e resource I eve Is, according to the 

reproductive status of individuals. These observations have led to 

various behavioral hypotheses of population regulation (Wynne-Edwards 

1962, Chitty 1967, Brown 1969, Watson and Moss 1970, Krebs 1970, 1978, 

Ostfeld 1985). Studies of microtlne populations in temperate 

grass I ands have shown that food and/or cover supp I ementation genera I I y 

increases reproductive rates and, at certain times of the annual cycle, 
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elicit s a numerical response but fai Is to prevent a spring decline in 

numbers (Taitt and Krebs 1981, 1983, Taitt et al. 1981). It has been 

suggested that these declines can be attributed to reproductive 

territoriality and socially induced mortality and dispersal (Krebs 

1970, Turner and Iverson 1973, Tamarin 1977, Krebs and E'oonstra 1978, 

Gipps et al. 1985). Manipulations of sex ratio (Redfield et al. 1978), 

ma I e or fem a I e a g gr e s s i v en es s ( Kr e b s et a I • 1 9 7 7, G i pp s et a I • 1 9 8 1 , 

Taitt and Krebs 1982), and genotype (LeOuc and Krebs 1975) do not 

prevent the spring decline. Cbncurrent manipulations of food, cover 

and risk of predation I ead to the suggestion that both social I y induced 

dispersal and predation may be causal mechanisms for the spring 

declines in Microtus spp. (Taitt and Krebs 1983). Spring declines 

sometimes occur in forest populations of Peromyscus maniculatus and~ 

leucopus (Sadleir 1965, Fairbairn 1977, Sul I ivan 1979) despite 

supplemental feeding (Hansen and Batzli 1978, Taitt 1981, Gilbert and 

Krebs 1981). Fairbairn (1977, 1978~) and Taitt (1981) suggest that 

regulation of breeding density through spacing behavior may also be 

important for deermice. In al I these studies changes in spacing 

behavior have not been observed directly, but were inferred from 

trapping and from observations of behavioral encounters in the 

I abor a tor y. 

Responses to supplemental cover have been regarded primarily as a 

function of reduced predation risk. Reduced predation risk has been 

confirmed observational I y (Taitt et al. 1981) and experimental I y (Taitt 

and Krebs 1983) for Microtus spp. in grass I ands, but only indirect I y 

for Peromyscus spp. in shrub I ands (Thompson 1982~, Kot! er 1984). 
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Parmenter and MacMahon (1983) point out that shrub cover may also 

ameliorate env ironmenta I extremes or provide food resources. Shrubs, 

in desert ecosystems with sparse grass or forb cover, may also provide 

nest sites. Additional I y, they might be structural I y important as 

snowpack support in areas with continuous winter snow cover. Parmenter 

and MacMahon (1983) removed shrubs from a study plot within the area in 

which this study was conducted. They concluded that shrub-related food 

resources, in add it ion to shrub architecture (cover), had no effect 

upon deermouse population parameters. R:>pulation monitoring fol lowing 

shrub removal was carried out only between the months of May and Sep

tember, but they suggested that shrubs may be structural I y important in 

winter. 

Few studies have examined the role of food and cover on smal I 

mammal populations, over an annual cycle, in a cold desert shrubland. 

The second objective of this study was to assess how food and shrub 

cover influence the abundance and distribution of deermice and to 

determine both population and individual responses to these factors in 

a strongly seasonal environment. I was interested in the following 

nu I I hypotheses: 

1. R:>pulations of deermice given supplemental food do not differ 

numerically, reproductively or in demographic structure from popula

tions of non-fed individuals. 

2. f-bme range size and activity of individuals do not differ 

between fed and non-fed populations, either during winter or during 

spring and summer. 
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3. The absence of shrubs alters neither population density nor 

individual home range size or shape. 

4. The presence or degree of a spring decline in population size, 

fol lowing the onset of breeding, is not affected by food supplementa

tion or by shrub removal. 

1.4 Trapping Bias 

The appl lcabi I ity of the responses (numerical, reproductive or 

behavioral) obtained from the manipulative approach are dependent upon 

how wel the manipulation simulates a change in an environmental com

ponent. Lack of response may indicate that the manipulated variable is 

not an important I imiting factor for the population, or it may reflect 

failure to appropriately modify a I lmiting factor. Alternatively, the 

presence of more than one critical factor may promote a compensatory 

response to the manipulated variable. For example, a numerical re

sponse to supplemental food may be masked by increased predation (Cole 

and Batz Ii 1978), or by intensified interspecific competition (Brown 

and Munger 1985, Davidson et al. 1985). 

Even if the manipulation is appropriate there is sti 11 the persis

tent prob I em of ace urate I y est imat Ing the pop u I at ion parameters of 

interest. Most smal I mammal studies rely upon trapping grids to pro

vide estimates or Indices of abundance and other population parameters 

such as dispersal or immigration. Trap locationsarealsocommonly 

used to define microhabitat use, home range size, and to make infer

ences regarding spacing behavior between individuals. There has, how

ever, been serious doubt concerning the validity of results obtained 
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from trapping smal I mammals. Trapping may not be a satisfactory method 

for studying home ranges or activity patterns (Sheppe 1967), or 

microhabitat use (Thompson 1982~). Grid sizes at least 16 times larger 

th an the average home range size may be required tor accurate assess

ment of population density (eondrup-Nielsen 1983), 

Most studies of smal I mammals implicitly assume that the trapping 

grid contains the home ranges of most of the population under study. 

This implies that the "edge effect" is not large and the home range 

size/grid size ratio is smal I (Sondrup-Nielsen 1983), Edge effect 

arises from 2 conditions: attraction of animals from outside the grid, 

and partial enclosure of the grid by home ranges of animals I iving near 

the grid edge. Poth conditions add to the size of the "effective area" 

trapped (Dice 1938, Tanaka 1972, Wi Ison and Anderson 1985b). It is 

general I y recognized that edge effect does cause bias in density esti

mates, and various attempts have been made to correct this bias. Most 

methods involve estimating a boundary strip around the grid from move

ments between traps on the gr id, others are more~ hoc (see Bondrup

Niel sen 1983, Wilson and Anderson 1985a, b tor reviews). An assumption 

of these methods is that movements between traps on a grid are of the 

same scale as movements outside the grid. This includes older methods 

such as adding 1/2the average diameter of an animal's home range to 

the gr id perimeter (Dice 1938) and recent attempts such as adding the 

mean maximum distance moved (MMDM) between traps to the perimeter 

( Wi I son and Anderson 1985b). 

Although acknowledging that bias probably exists, many investiga

tors choose to equate estimates of population size (N) with an area 



9 

A 

approximate I y the size of the trapping grid, using N as an index to 

density. This would be val id for comparisons between trapping grids or 

trapping occasions only if the boundary width created by the edge 

effect was constant. 

Other, I ess-recogn i zed prob I ems with a I arge edge effect concern 

homogeneity of treatments applied within the area of a trapping grid, 

and confounding of exper imenta I rep I icates. Incorrect cone I us ions may 

be reached if it is assumed, incorrect I y, that those animals trapped on 

the grid are experiencing an experimental treatment coincident with the 

grid area, but are not experiencing conditions outside the experimental 

area. Large edge effect may al so invalidate independance of adjacent 

rep I icate grids. Another assumption general I y made is that traps are 

not u n d u I y d i s tort i n g the no rm a I be ha v i or of i n d i v id u a I s. The b i as 

introduced when such assumptions are violated is seldom measurable and 

often unrecognized. Therefore, the third objective of this study was 

to evaluate my estimates of population density and the cone I us ions 

based on trapping by monitoring the movements and behavior of ind iv id

ual deermice using radiotelemetry. 
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CHAPTER I I 

STUDY AREA AND METHODS 

2.1 Study Area 

The study area is a high-elevation (2103 m) shrub-steppe (West 

1983) ecosystem, located on the Kemmerer Mine of the Pittsburg and 

Midway Coal Division of Chevron USA, Inc., 8 km southwest of Kemmerer, 

Wyaning (Lat. 41 43°N, Long. 110 37°W). Precipitation is highly 

variable and fal Is mostly as snow, with monthly peaks from spring rains 

in May and June. Mean annual precipitation (1951-1980) at the Kemmerer 

NOAA station is 230 mm /year, but record precipitation levels occurred 

during this study (83.3, 33.8, 168.4, 372.6 and 165.3 mm above average 

for the years 1980-1984 respectively). Monthly precipitation and an 

index to the depth of the snowpack (derived from measurements taken at 

the Ecosystem Reconstruction 12-UC study site) for November 1980 -

Apri I 1984 are presented in Fig. 1. 

The study site is located at the base of a north-south 

c I i ff on the southeast part of the m I ne and consists of a 

extending 

series of 

east-west striking washes and low sandy ridges. Vegetation and soils 

are described by Parmenter and MacMahon (1983), Kelrick (1988), Kelrick 

et al. (1986). Estimates of shrub density and the percentage cover of 

shrubs, grasses and forbs are provided in Table 1. Shrub density and 

percent cover were estimated from 25, 3 X 7 m plots on each of grids 2, 

3, 4, 8 (described in the fol lowing section). Shrub cover estimates 

were made by assigning to each shrub a geometric shape and measuring 
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Tablet. Estimates of shrub density and percent cover of shrubs, 
grasses and forbs. Shrub measurements from grids 2, 3, 4, 8. 
Grass and forb cover estimates for gr ids 7, 8 and the shrub
removal gr id. 

Shrubs 

Sagebrush 

Rabb ltbrush 

Other 

Total 

Grasses & forbs 

Gr Id 7 

Grid 8 

Shrub-removal 

Aug. 1980* 

Aug. 1981* 

Sept. 1983 

Dens! ty (#/ha) 
x + so 

7,000 ,:: 1,795 

11,443 _:: 2,986 

3,205 ,:: 967 

21,590,:: 3,605 

% cover 
X+ 2 S.E. 

22.08 + 3.21 

27.36 _:: 4.72 

1 9 • 02 _:: 4 • 12 

31.50 _:: 5. 71 

55.74 _:: 6.12 

% Cover 
x + so 

10.41 + 2.62 

2.59 + 0.83 

1. 60 ,:: 0 .89 

14.60 _:: 4.14 

LSDt 

a 

ab 

a 

b 

C 

t Analyslsof var lance for grass and forb cover: 

Source df MS F 

Gr Ids 4 10607 35.51 ** (p 0.01> 

Error 245 299 

Total 249 

Pooled 95% C. I. ( for LSD tests) • 4.79 

* Sampled by Parmenter (1982) 

12 
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the relevant dimensions. The most abundant s r,r ubs are big sagebrush 

(Artemisia tridentata) and rabbitbrushes (Chrysothamnus viscidiflorus 

and Chrysothamnus nauseosus). "Other" ( Tab I e 1) inc I udes winter fat 

(Ceratoides lanata), gray horsebrush (Tetradymia canescens), buckwheat 

( Er iogonum microthecum) and occasional individuals of antelope 

bitterbrush (Purshia tridentata), Gardner saltbush (Atriplex gardneri) 

and cryptantha (Cryptantha flavoculata). The percent cover of grasses 

and forbs was estimated from projected Ektachrome slides. SI ides were 

taken on grids 7, 8 and the shrub-removal grid in September 1983 of 

m2 plots placed systematically at every second trapping grid stake (50 

plots per grid). Similar slides, taken at random locations by 

Parmenter (1982), were used to provide a comparison of % cover of 

grasses and forbs on the shrub-removal grid in August 1980 (at the 

cone I us ion of removing shrubs) and one year I ater, in August 1981. 

SI ides from al I grids were mixed random I y before ocular cover estimates 

(Hatton et al. 1986) were made by a single independent observer. 

2.2 lnterspeclfic Competition Between Rodents and Ants 

Seed addition and ant removal .--Hypotheses concerning inter

specific competition between rodents and ants were addressed between 

September 1981 and September 1983. The first two hypotheses were 

tested by a two-way factorial experiment, using presence or absence of 

supplemental food and of ants as the two main variables. This design 

was rep I i cated and one additional control plot was established, re-

s u It i ng in a tota I of nine study p I ots. The p I o ts , 0 • 71 ha i n s i ze 

(delimited by 13 X 13 station rodent trapping grids with 7m between 
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traps), were 

km. Grids 

located on the slopes of sandy ridges extending over 2.4 

to 5 extended from the crest of a ridge down the south 

facing slope to the washes; grids 6 and 8 were placed similarly on 

north facing slopes, but also spanned part of the wash; grid 7 covered 

both sides of a very low ridge with a slope to the west; grid 9 was on 

top of a level plateau. Treatments, assigned randomly to these grids, 

are summarized in Table 2; also presented are number of ant mounds in 

September 1981 and the distances between grids. 

Supplemental food, millet (Panicum miliaceum), was provided from 

September 1981 to t\bvember 1982. Sixteen feeding stations, 14 m apart, 

were established on each of the four fed grids. Feeders were gal Ion 

plastic bottles with four holes cut near the bottom and stoppered with 

halved fi Im canisters to prevent seed spil I age. Feeders were placed on 

inverted plastic plates and raised on wire legs to prevent ants from 

removing seed. Feeders were continually replenished and the amount of 

seed removed was recorded. 

Ant mounds on and within 20 m of the perimeter of ant removal 

grids (1.54 ha) were poisoned with Diazinon (Geigy Corporation). 

~unds were encircled with metal flashing to prevent rodents from 

taking the poison. Ants had ceased above ground activity when food was 

added in September 1981, so were poisoned as they became active in June 

1982. 

Seed preference.--Tests of seed-use overlap involved seed selec

tion experiments in the field. Indigenous seed species were offered 

seperately to ants, nocturnal rodents, and diurnal rodents (chipmunks) 

and birds. Seeds were obtained from Native Plants of Utah, Inc., Salt 



Table 2. The assignments of treatments to the nine study grids, with the 
nunbers of ant mounds on each gr id, and the inter-gr id di stances. 

Ant 
mounds Distance to next 

Gr id # ( #) Treatment ( m) 

33 Control 
180 

2 42 Food 
200 

3 27 Food-Ants 
370 

4 42 Food-Ants 
275 

5 26 Control 
130 

6 31 - Ants 
90 

7 28 Control 
272 

8 51 Food 
135 

9 46 - Ants 

gr id 

V, 
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Lake City, UT, and were chosen to represent a range of the most common 

grasses, forbs and shrubs which grow on the study area. Two seed 

mixtures of six species each were supplied in three seperate feeding 

trials. Mix 1 consisted of 2 g each of four grasses and two forbs: 

Indian ricegrass (Oryzopsis hymenoides), cheatgrass (Bromus tectorum), 

green needlegrass (Stipa viridula), Canby bluegrass (Poa canbyi), wild 

buckwheat (Eriogonum heracleoides) and cicermilkvetch (Astragalus 

cicer). Mix 2 represented the canmon shrubs in the area and contained 

big sagebrush (Artemisia tridentata), rubber rabbitbrush (Chrysothamnus 

nauseosus) and winterfat (Ceratoides lanata). Poa, As tag a I us and 

Eriogonum (1.5 g/sp.) were al so included in this mixture to provide a 

basis for comparison of preference rankings between the two seed mix

tures. Stipa viridula and Astragal us cicer do not grow on the study 

area but they represent genera present. Cates and duration of each 

trial are summarized in Table 3. 

Seed preference trials for ants were conducted on grid 7 in a 60 X 

60 m area which contained 15 ant mounds. The first trial of seed 

mixture 1 was offered at 25 of 50 random I y chosen I ocations adjacent to 

64 possible trapping grid intersections. Twenty-five of these loca

tions were used in the ana I ys is of seed preference. Those chosen repre

sented locations which had been used by ants but were not so heavily 

depleted that few seeds remained. These same 25 locations were used 

for the second trial of mixture 1, but due to shortage of seed only 20 

were used with seed mixture 2. The seed mixtures were offered in 

cardboard bowls, placed in flower pots, and covered with 6.4 mm mesh, 

hardware cloth to prevent rodent access. These ant dishes were buried 



Table 3. Dates and duration of seed preference trials for seed mixture l (grasses and 
forbs) and seed m lxture 2 (shrubs). 

Faun al 
assemb I age 

Ants 

Nocturna I 
rodents 

Di urn a I 
rodents/ 
birds 

Mixture l - Rep. l 
Date Dur at ion 

20-21 July l day 
l 982 

19-23 Aug. 4 nights 
l 982 

19-23 Aug. 4 days 
l 982 

M i x t ur e l - Re p • 2 
Date Dur at Ion 

21-24 Sept. 3 days 
l 982 

21-22 Se pt. 2 nights 
l 982 

21-22 Sept. 2 days 
l 982 

Mixture 2 
Date 

l 3 July 
l 983 

12-14 July 
l 983 

l 2-l 4 July 
l 983 

Dur at ion 

l day 

3 nights 

3 days 
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so that the I ip of the bowl was flush with the ground surf ace . The 

a r e a around the dish was smoothed and cleared of debris. Seeds were 

p l ace d in the dishes on the morning of each trial before ants became 

a c t i v e and were I e ft u n t i I the m aj or i t y o f d i shes had been used • On 

a l I trials for both ants and rodents the remaining seeds ~,ere col I ected 

a fter approximate I y 50% of the seeds had disappeared but before e ach 

d ish was emptied. Seeds discarded adjacent to the dishes were col I ec

t ed with forceps and pl aced with the remaining seed. Ant activity 

peaked in July so it took only one day to achieve 50% seed removal for 

t he first replicate of mixture 1, and for mixture 2. Ants foraged less 

in September. Therefore, three days were required for replicate 2 of 

see d mixture 1 (Table 3). Dishes were covered at night during this 
.. 

period. Ant movements and the Ir act iv It i es at mounds and di shes were 

watc hed close I y during the first feeding trial. Ants taking seeds from 

eac h dish were fol lowed to their mounds. Mounds were c heck ed th e 

fo l l o wing day to see if any seeds had been discarded at the mound site. 

Rodent feeding trials were conducted on grid 1 for seed mi x ture 1 

but were moved to grid 7 for seed mixture 2. The same number of dishes 

was us ed with each trial as described for ants, but di shes wer e I oc a ted 

r and om I y at one of the 169 grid Intersections of the ful I trap p ing 

grid. Each location consisted of paired dishes, one for nocturnal 

rodents the other for di urn a I rodents and birds. These di shes were 

smooth plastic, disposable bowls with down-curving I ips that were 

inaccessible to ants, as confirmed by observation close to ant mounds. 

Dishes were pl aced on the ground surface, anchored by heavy nai Is and 

surrounded by three smal I rocks to prov Ide access for rodents. A dish 
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cover was switched between each pair at dawn and dusk to restrict 

access to the appropriate taxon. Spilled seeds were replaced in the 

dishes when the covers were switched. 

Seeds were removed to the I aboratory, sorted into the canponent 

species and weighed. The amount of each species removed was calculated 

for each dish by subtracting the weight remaining from that initially 

provided. Assunptions of this technique are detailed by Kelrick et al. 

( 1986) • 

Rodent population sampl ing.--Trapping was conducted over four 

consecutive nights with 169 Sherman live traps on each 13 X 13 station 

grid. Traps were insulated with cotton batting and baited with peanut 

butter and rolled oats. Animals were individually marked by toeclip

ping. On all captures, mice were sexed, checked for reproductive 

condition (females: pregnant, lactating or with perforate vaginas; 

males: presence of scrotal testes) and weighed prior to release. 

Because insufficient traps and personnel were available to trap al I 

nine grids concurrent! y, the two study design rep I icates were trapped 

over consecutive four day periods. Grids 4, 5, 7, 8 and 9 were trapped 

during the first four days, grids 1, 2, 3, and 6 during days five to 

eight. The beginning dates of these 8-day trapping periods were 9th 

September 1981, 21st March 1982, 17th June 1982, 19th August 1982, 14th 

October 1982, 8th April 1983 (trapping was attempted on the 16th March 

but was terminated by a heavy snowfal I), and 9th September 1983. 
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2.3 Analysis 

Trapp i ng.--Tr app i ng data were ana I yzed for the purpose of popu I a

ti on size estimates using program CAPTURE (White et al. 19 78). This 

program tests a series of capture prob ab i I i ty mode I s against each data 

set to determine goodness-of-fit. The models al low for heterogeneity 

in capture probabilities between individuals (Model h), change in 

capture probabi I ity after first capture (behavior-Model bl, or both 

( Model bhl. Model t tests for time effects although estimators are not 

avai !able for time effects combined with behavior or heterogeneity. 

The mode Is a I I assume that rodent popu I at ions are demogr aph i ca I I y and 

geographical I y closed, that ind iv idua Is do not lose their marks and 

that al I marks are correct! y noted at each trapping occasion (Otis et 

al. 1978). The model best fitting each data set was used to estimate 

population size (N) and a 95 % confidence interval. In five cases the 

data were such that no mode I was appropriate, thus N was not estimated 

and these were treated as missing ce I Is in the ana I ys is of variance. 

Initial I y, density (O) was estimated using program HRDEN (K. R. 

Wi I son, per son a I communication). Ha I f the mean maxim um di stance moved 

(MMCM), also estimated by CAPTURE, was added to the grid boundary to 

estimate the effective area trapped A(W) (Wi Ison and Anderson 1985~). 

MMDM is the average of the maximum di stance between recaptures for a I I 

animals caught at least twice during a trapping period (Otis et al~ 

1978). However, as wi I I be demonstrated under objective three ( Chapter 

1.4), MMDM was a biased estimator of an ima I movements. Consequent I y, 

comparison between treatments was made using N. Numbers caught were 

consistent I y I arge enough to enab I e use of CAPTURE (greater than ap-
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proximately 20 individuals) only for deermice. Therefore, an index to 

population size, (total number of individuals caught during the four 

day trapping period), was used for other species. 

Treatment effects were ana I yzed using program RUMMAGE (Bryce 

1980), a progrc111 which accomodates unbalanced analysis of variance with 

missing ce I I s. A factorial split plots-in-time design was used. Two 

analyses were run. In the first, the N's were weighted by their stand

ard errors, taking into account the precision of each estimate. In the 

A 

second, the unweighted N was used as the response variable, because the 
A 

variance estimates from CAPTURE tend to Increase with the size of N 

CD. R. Anderson, personal communication). 

Seed preference.--The weights of each seed species removed were 

converted to preference Indices (P1l relative to the other five species 
A 

within each dish. Pi was calculated using a simple preference metric 

( Ke Ir i ck et a I • 1986) • 

A Ui/ Ai 
Pi = 

k 
E Ui/ Ai 
i = 1 

where i = seed species 1 , . . . ,k 

u. 
I = grams of seed species ut i I i zed, 

and Ai = grc111s of seed species ava 11 ab I e. 
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Since Ai was a constant, this reduces to 

" 
Ui 

Pi = 
k 
L U· I 

i=1 

A split plots analysis of variance, with dishes as plots, was used to 

test for significant differences in seed preference between granivore 

categories and seed species, for each seed mixture. 

Seed preference~ ants as~ function of distance.--Distances fran 

each ant mound to the dishes being used by these ants were calculated 

fran a map of the study site. 

11 were not found by ants. 

Of the 50 dishes placed during trial 1, 

The remaining 39 were used for the fol-

lowing analyses: a) regression of the total amount of seed removed per 

dish (utilization) against distance fran the mound; b) categorization 

of these distances into 4 intervals (3.0, 3.1 - 6.0, 6.1 - 9.0, 9.1 m) 

and examination of preferences for each seed species by distance inter

va I • 

Results and discussion of the rodent/ant canpetition study are 

presented in Chapter 111. 

2 - 4 The Influence of Food and Shrubs on Rodent Populations 

Experimental manipulations and population responses.--ln Chapter 

IV, I examine the numerical, reproductive and demographic responses of 

the deermouse populations to food supplementation between September 

1981 and September 1983 and concurrent! y report the results of the 

second part of the study, which began in September 1983 and continued 

until August 1984. In the latter period I continued to more inten-
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sively monitor population responses on two fed and two non-fed grids 

(grids 2, 8 and 1, 7 respective I y) throughout the winter and spring. 

Additionally, I examined the role of shrub cover on deermouse distribu

tion and abundance by reinstituting trapping of a 1.25 ha study plot 

adjacent to grid 4, henceforth designated grid G. This site had been 

c I eared of shrubs in 1980 (Parmenter and Mac Mahon 1983). 

Trapping methods are as described in section 2.2. However, when 

examining the reproductive condition in males, note was taken of the 

presence of perianal pouches (Stewart and Brooks 1977) as wel I as 

scrota I testes. Four-day trapping periods began on 27th O:tober 1983, 

23rd March 1984 and 12th June 1984. Trapping was conducted for two 

days only on grids 1, 2, 7, and 8 and 3 days on grid G between the 2nd 

and 12th February 1984, when snow cover averaged 30 cm on grids 7 and 

8, 20 cm on gid G, but had virtual I y melted on grids 1 and 2. A second 

two day trapping session on al I five grids was conducted between 9th-

18th May. Both of these trapping periods were initiated to capture 

mice for radiotracking on grids 7, 8 and G. In August, trapping was 

carried out for three days on grids 7 and 8. 

Supplemental feeding began fol lowing trapping in September 1983 

and was continued, ad I ibitum, through June 1984. Twenty-five feeders, 

14 m apart, were positioned on grids 2 and s. 

Snowtracking.--Snowtracking was used as an alternate index, un

biased by the presence of traps, of mouse population activity on the 

three rad iotracking treatment gr ids (7, 8, G). Each concentric square, 

formed fran contiguous gr id rows fran the perimeter to the center of a 

grid (6 squares on a 13 x 13 grid), was walked and note taken of the 
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number of mouse tracks crossing the I ine between each grid stake. 

Conditions conducive to such counts occurred on 13 November 1983, 21 

December 1983, and 12 February 1984. 

Individual activity patterns and use~ space.--Radiotelemetry was 

used to monitor responses of known individuals to the food and cover 

manipulations. Radiotelemetry enabled the definition of home range 

sizes independent of trapping I ocat ions, and was usef u I when trapping 

was not feasible or might be biased during periods of heavy snow cover. 

Telemetry also enabled docunentation of activity patterns, nest site 

locations and incidents of predation. One non-fed, one fed and the 

shrub-removal grid (grids 7, 8 and G respectively) were selected for 

the telemetry study. Gr id 7 was extended by 28 m on the western edge 

and reduced by 14 m along the northern edge (17X11 trapping stations) 

so that it resembled the topography on grids 8 and G. 

Radiotelemetry equipment included pretuned 150-152 MHz SM-1 

transmitters of different frequencies (AVM 1nstrunent Co., Livermore 

CA.), multi-channel radio receivers (AVM LA-12 and Telonics TR-2) and 

hand-held yagi antennas. Transmitters were equipped with hearing-aid 

batteries (Eveready E312E), encapsulated in Elvax paraffin (Mini-Mitter 

Co., Sunr iver, O-egon) and were surgical I y imp I anted into the animal's 

abdaninal cavity ( 1.P.) through an incision in the ventrolateral abdom

inal wall (Mineau and Madison 1977, Or. J. o. Wolff, personal communi

cation). Mice were anaesthetized with a 1:5 mixture of 

Xylazine/Ketamine HCL (100 mg/ml concentration) using 0.01 cc I 10 g 

body weight. Each transmitter unit weighed approximately 2 g (10 % of 

the animal's body weight) and had an average battery life of 30 d. 
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Transmitter-implanted mi c e were released on the evening fol lowing cap-

ture at their original capture sites and given sever a ' 

adjust. 

1ys to re-

For the duration of a tracking period each mouse was located daily 

in its nest. M:lthods of recording night locations varied slightly 

according to weather conditions and the mouse's proximity to the trap

ping grid. In winter, when snow covered shrubs and other identifiable 

features, the 

bearing frcm 

observer fixed a signal direction and took a ccmpass 

a tal I stake (placed at every second grid stake) then 
' 

moved 90 degrees and took a second bear Ing. Locations were I ater 

identified on a map of the grid by triangulation. If a mouse stayed 

for some time at the same location, the exact point was confirmed from 

several directions and an identified pin flag left in place after the 

mouse moved. Our ing sunmer, on-grid locations were recorded directly 

as distances and directions from grid stakes. Al I off-grid locations 

were identified by pinflags, fol lowing triangulation of the position 

using a flashlight to identify landmarks. Pinflag locations were 

mapped in relation to the grid during daylight. Each observer tracked 

4 to 6 mice per night, locating each mouse sequentially. Th us, for a 

single mouse, intervals between successive locations were usually at 

least 20 min. If a particular behavioral observation was of interest, 

a mouse was fol lowed continual I y and locations were taken every 5 min. 

or less. In winter, forays away frcm the nest site on non-fed grids 

were so rare that once a mouse was found away from its nest it was 

followed continually until it returned to its nest. Mice did not 

appear to be disturbed by an observer mov Ing slowly and quiet I y, even 
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at distances as close as 10 m. Fl ash I ight-use was kept to am in imun, 

b ut oc casional I ya mouse was watched by fl ash I ight. Usual I y these mice 

continued normal activity unhindered. 

At least 25 independent locations (defined as 20 min or more 

apart) away from its nest site were sought for each mouse, though this 

was not a I ways poss i b I e. Our i ng winter, mice were transm i ttered for up 

to 30 days and tracked for up to 15 nights. In summer only 4-6 nights 

of tracking were needed to obtain the desired number of locations (60). 

Tracking usually commenced at dusk in winter (1700-1800 hrs) and con

tinued until 2400 - 0200 hrs. One al I-night session and several early 

morning tracking sessions were conducted. In sunmer, timing of 

tracki ng periods was variable, with the aim of sampling throughout the 

night. Often tracking was conducted from dusk until dawn. 

2.5 Analysis 

Population responses.--R)pulatlon size (N) was estimated as des-

cri bed in section 2.2. Treatment effects ( food vs. no food) for the 

four fed and five non-fed gr ids trapped between September 1981 and 

September 1983 were identified by analysis of variance (section 2.2). 

R)pulation size estimates with 95 % confidence intervals for the five 

grids studied between September 1983 and August 1984 are presented 

se per ate I y 

days of 

and compared graphically. Nunber s caught d ur Ing the two 

trapping in February and May were compared to nunbers caught 

during the first two days of trapping during September, O::tober, March 

and June. An approximation for N was obtained by extrapolation. 

Demographic paraneters (reproduction, sex ratio, injuries, grid 
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fide I ity, new captures) were al so analyzed seperatel y for the two parts 

of the study (2 treatments and 3 treatments respecti v e y). These 

parameters were tabulated as binomial response variables (breeding/non

breeding, male/female, injured/non-injured etc.) and analyzed by fit-

ting logit models to the observed eel I frequencies OJie 1983). lnde-

pendent var i ab I es were treatment or gr id (depending on whether gr ids 

were combined within treatments), date and sex. Frequency tab I es were 

s_impl ified, where possible, by col lapsing over variables. Chi-square 

tests were used to test for differences between grids within the Sep

tember 1981 - September 1983 fed and non- fed treatments ( 4 and 5 grids 

respectively) prior to fitting the logit models to the combined data 

for each treatment. use of the combined data was necessary because 

sample sizes from individual grids were often too smal I to use the 

log it models. This was not the case for the five grids trapped between 

September 1983 and June 1984. Comparisons between the levels of each 

variable were made using contrasts which were orthogonal and summed to 

zero ( I found this was necessary in contradiction to the documentat io n 

of the program, Nie 1983:548). 

Snowtracking data were analyzed using the same program with a log 

I inear model. MMDM's on each grid were compared by analysis of var i-

ance using program RUMMAGE (Bryce 1980). 

Activity patterns and use~ space.--Home range size and use 

patterns were estimated by program HOMERANGE (Samuel et al. 1985b). 

Harmonic means (Dixon and Chapman 1980) were used to specify ut i I i za

t ion contours and to identify core areas within the home range (Samuel 

et al. 1985a). 1-Pme ranges are presented graphically using the contour 
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representing 75% of an animal's utilization distribution. [):)fault grid 

cell sizes were used for all mice except for winter mice on grid 8, 

where a 5 m eel I size was used because default values were smal I er than 

the error polygon. Additional I y, grid eel I sizes of 10 m were used 

where default values were greater than 20 m (mouse nunbers 3503, 4036, 

4401, 3556). 
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CHAPTER 111 

INTERSPECIFIC COMPETITION BETWEEN RODENTS AND ANTS: 

RESULTS AND DISCUSSION 

3.1 Results 

The rodent community.--ln this study deermice were the most abun

dant nocturnal rodents (Fig. 2) and least chipmunks (Eutamlus minimus) 

were the most numerous diurnal rodents ( Fig. 3). Few Great Basin 

pocket mice (Perognathus parvus) or northern grasshopper mice 

(Onychomys leucogaster) occurred on any grid (Figs. 4 and 5). The 

maximum number caught during any trapping period was 9 and 7, respec-

tively. Several non-granivorous, microtine species were also trapped; 

sage voles (Lagurus curtatus), montane voles (Microtus montanus) and 

long-tailed voles(~ longicaudus). Microtus were trapped infrequently 

throughout the study. Sage voles were relatively abundant in 1983/84 

(Fig. 6). 

Rodent responses to food and ants.--Analysis of variance for food 

and ant effects on deermouse population sizes (weighted analysis , 

Table 4) indicate that deermice are food limited (rejection of 

hypothesis 1, P= .oo for FD). Fed population sizes were greater than 

non-fed populations during al I trapping periods when supplemental food 

was present (P < .01, Table 4), Fig. 2. Population sizes did not 

d i ffer when food was not present ( p > • 2) • The over a I I effect of 

removing ants was not significant (P = .599 for AD, Table 4). There · Is 

some evidence that deermice responded to ant removal during the final 
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Table 4. Analysis of variance (weighted) for ant and food effects on 
deer-mouse population nunbers: September 1981 - September 1983. 
Significance levels: * = 0.05, ** = 0.01, (*) = 0.10. 

Source of slgnlf lc .... nce 
var latlon df F-ratlo probablllty level 

Ant CA) 0.616 0.468 NS 

Food C F) 6.257 0.054 ( *) 

AF 0.335 o.5ea NS 

Q-ld CG)= 5 7.825 0.000 •• 
error Ca) 

Date (D) 6 15.149 0.000 •• 
AD 6 0.113 o.599 NS 

FD 6 6. 709 0.000 •• 
AFD 6 0.905 0.507 NS 

error Cb) 25 

Food x Date and Ant x Date comparisons 
s I g n If I c anc e 

Can par I son t-val ue prob ab II lty level 

Ant X [)ate 

AD1 o. 756 0.457 NS 

AD2 0.651 0.521 NS 

AD3 0.21a o. 776 NS 

AD4 0.378 0.109 NS 

AD5 0.11a 0.444 NS 

AD6 o.569 0.574 NS 

AD7 2.046 0.051 (*) 

Food x Date 

FD1 0.977 0.338 NS 

FD2 5.004 0.000 ** 

FD3 3.313 0.003 •• 
FD4 3.595 0.000 •• 
FD5 4.129 0.001 •• 
FD6 0.111 0.483 NS 

F~ 1.314 0.201 NS 
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sampling period, in September 1983 (P = .051 for AD7) • Contrary to 

prediction, this response was not one of canpensatory increase. 

C'eermice were less abundant on the ant removal grids than they were on 

grids wi th ants present. This result ls tenuous because the 

significance level was less in the unweighted ana l ysis (P = .113 for 

Significance levels produced for al I other factors on the un

weighted analysis were very similar to those from the weighted analysis 

shown on Table 4. 

Since sample sizes of other rodent species were smal I, no 

significant responses to ant removal were evident. A smal I positive 

response to supplemental food was shown by least chipmunks (Fig. 3). 

In contrast, pocket mouse numbers tended to decrease when food was 

added (Fig. 4), particularly in June 1982 when they were most nunerous 

on the study area. Grasshopper mice (Fig. 5) and sage voles (Fig. 6) 

sho wed no response to supplemental feeding. 

Seed preference.--The 3 granivore categories (ants, nocturnal 

rod ents, diurnal rodents and birds) were not mutually exclusive in 

their preference for seeds (non-significant main effect for granivores, 

Tables 5 and 6). Some overlap in preference for seeds in both seed 

mixtur es is indicated by significant granivore by seed interactions. 

These preferences are II lustrated for mixture 1 averaged over months 

( Fig. 7) and for mixture 2 ( Fig. 8). 

Interactions between months, seeds and granivores (mixture 1, 

Table 5) were due to differences in strengths of preference for dif

ferent seed species, although the rank order of preference was similar 

for each month ( Tab I e 7) • t-.t>cturnal rodents preferred Oryzopsis, 



Table 5. Analysis of variance of seed preference indices for seed 
mixture 1 (grasses and forbs). Significance levels: ** = 0.01. 

Source of 
variation 

M:, nth ( M) 

Dish (D) 

MD 

Granlvore 

MG 

Error ( a) 

( G) 

Seed species 

GS 

MS 

MGS 

error ( b) 

Total 

df 

24 

24 

2 

2 

96 

( s) 5 

1 0 

5 

1 0 

720 

899 

F-ratio prob ab i I i ty 

0.05 o.823 

0.62 0.910 

o. 77 0. 764 

0.95 0.390 

0.23 0. 795 

193. 45 0.000 

103.10 0.000 

5. 13 0.000 

1 6 .68 0.000 

significance 
I eve I 

NS 

NS 

NS 

NS 

NS 

** 

** 

** 

** 
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Table 6. Analysis of variance of seed preference indices for seed mixture 2 
( s hr ub s) • S i g n i f i c a nc e I eve I s : * * = (1 • O 1 • 

Source of 
var lat Ion 

DI sh (D) 

Gran ivore 

Error ( a) 

( G) 

Seed spec I es ( S) 

GS 

Error ( b) 

Total 

df F-ratio 

19 o. 72 

1. 90 

19 

5 27.40 

2 42.35 

190 

239 

prob ab i I i t y 

0.760 

0. 184 

(1.000 

0.000 

significance 
I eve I 

NS 

NS 

** 

** 
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Table 7. Seed preference ranks and results of LSD tests for differences In preference of seeds In 
mixture 1 (grasses and forbs). A canmon letter Indicates no significant difference In preference 
(p<0.05). 

Nocturnal R:>dent DI urnal R:>dent Ant 

Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 
Seed rank LSD rank LSD rank LSD rank LSD rank LSD rank LSD 

Orizopsls a a a a 2 a 2 b 

Astrasat us 2 b 2 a 3 e 4 e 6 e 6 d 

Stlpa 3 e 3 a 2 b 2 b 3 ab 3 b 

Bromus 4 d 4 b 5 e 3 e 5 e 5 ed 

Poa 5 de 5 e 6 e 6 e 4 b 4 be 

Er l~oni.n 6 e 6 e 4 e 5 e a a 



41 

followed by Astragalus and Stipa in August; in September they did not 

discriminate among these seeds (Table 7). In contrast, ants were more 

selective in September, e .g • , ; for Eriogonum in August 
i 

was 0.25 

increasing to 0.50. Astragalus seed was removed by ants in August but 

not in September ( Tab I e 7) • Diurnal rodents and birds showed no dif-

ference in preference between months. They highly preferred Oryzopsis, 

moderately preferred Stipa and avoided the other seed species ( Fig. 7). 

Preferences for seeds in mixture 2 (Fig. 8) were determined only 

for nocturnal rodents and ants. The preference rankings of the three 

shrub species, relative to those seeds used in mixture 1, indicate that 

ants highly prefer Ceratoides, moderately prefer Chrysothamnus and Poa 

and avoid Artemisia and Astragalus. Rodents moderately prefer 

Ceratoides but avoid Chrysothamnus and Artemisia. 

The effect of distance on seed preference J?.1'. ants.--The total 

utilization of seeds (g removed) from each of the 39 dishes found by 

ants in trial 1, is plotted as a function of distance from the mound in 

Fig. 9a. The mean utilization of each seed species (g per dish) and 

the preference for each species (dishes combined) are presented, by 

distance interval, In Fig. 9b. 

3.2 Discussion 

Seed preference.--The preference rankings ( in descending order) of 

Oryzopsis, Stipa, Bromus and Artemisia are similar between granivore 

categories, and correspond to the results obtained by Kelrick et al. 

( 1986) • Other studies suggest that Oryzopsis hymenoides seeds are a 

favored food item for heteromyid rodents (Johnson and Jorgensen 1981, 
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M:::Adoo et al. 1983). Feeding experiments indicate that Bromus tectorum 

seeds are not highly preferred (Everett et al. 1978), but they are 

consumed by deermice (Johnson 1961, Kritzman 1974), and may be an 

important food item at times for the Great Basin pocket mouse (La 

Tourette et al. 1971, Kr itzman 1974). I frequent I y found B. tectorum 

seeds in granaries of ant mounds (unpublished data) but biomass and 

numbers of other species, including Poa spp. were greater. Artemisia 

tridentata seeds were next to last in preference by both ants and 

nocturnal rodents. On a preliminary analysis, I did not find Artemisia 

seeds in ant mounds, nor have they been found in the stomachs of 

deerm ice trapped in sagebrush habitats ( Wi I I i ams 1959, Johnson 1961) • 

Kelrick et al. (1986) found that preference was generally corre

lated with seed caloric and% soluble carbohydrate content, but nutri

tional attributes alone did not explain the rankings of Oryzopsis, 

Stipa and Bromus. It was suggested that interactions with seed anatomy 

and size may explain the observed differences. In this study, 

included 5 seed species for which the nutritional attributes are un

known ( Poa, Er i ogonum, Astraga I us, Chrysothamnus and Cerato ides). The 

preference rankings of 2 seed species by nocturnal rodents and ants 

were opposed. Eriogonum was the least preferred seed for nocturnal 

rodents but second only to Ceratoides for ants. Astragalus was least 

preferred by ants, but was second only to Oryzopsis for nocturnal 

rodents. Davidson et al. (1985) found that seeds of E. abertium were 

used almost exclusively by ants in the Olihuahuan Desert. It is not 

known if rodents actua I I y cons lJlled Astraga I us, but Everett et a I • 

(1978) found that deermice removed (and presumably consumed) A. cicer 
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in the lab and preferred it above~ tectorum. Ants did remove some 

Astragalus but most of this was discarded on ant mounds. A combination 

of secondary chemical compounds and physical attributes might account 

for this strong difference in seed preference. For example, ants may 

have difficulty handling the smooth, dense seeds of Astragalus, while 

rodents may be deterred by chemical compounds in Eriogonum. 

Other authors have suggested that seed size may partially account 

for differences in seed preference between rodents and ants. Rodents 

tend to select larger seeds than ants ( Inouye et al. 1980, Mittlebach 

and Gross 1984, Dav id son et al. 1984, 1985). The preference for the 

smal I Poa seeds by ants but not by rodents might be attributable to 

seed size. Clearly, more than size is involved with the other seed 

species. Ceratoides was the largest seed offered in my experiments but 

was more highly preferred by ants than by rodents. Oryzopsis, 

Astragalus and Eriogonun were of a similar size but differed greatly in 

preference ranking between taxa. Chrysothamnus seeds were large but 

were preferred even less than Poa by rodents. Chemical compounds might 

account for these differences. 

The relative contributions of chipmunks and birds to the diurnal 

granivore component was not determined. These granivores removed as 

much mil let during the supplemental food study in June and July 1982 as 

nocturnal rodents did ( unpub Ii shed data). ~servat ions of I ow numbers 

of birds in the study area leads me to be! ieve that much of this was 

due to chipmunks (which are known to cache seed). This belief is 

supported by the highly selective removal of Oryzopsis, with some 

Stipa, but neg I lgible quantities of Poa (or any other species) from the 
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seed preference trials. Best (1972) found a high proportion of Poa 

secunda seeds in the diets of Brewer's and vesper sparrows, together 

with seeds of Stipa viridula and S. comata. Why chipmunks (or birds) 

should not take Astragalus, which was a preferred seed for nocturnal 

rodents is unknown. 

Temporal differences in the degree of seed selectivity by noc

turnal rodents may be related to the overal I importance of seeds in 

their diet. Seeds formed a higher proportion of the diet of deermice 

in August than in July 1981 ( Parmenter and MacMahon 1983). Records 

kept during this study indicated that the amount of millet removed from 

feeders during the food supplementation experiment increased in fal I. 

Both 

1983) 

deermice (personal observation) and chipmunks (Nowak and Paradiso 

cache seed. The lower degree of selectivity in September 

compared to August might be a reflection of greater caching activity 

and decreasing availability of natural seeds (L. S. Broome, personal 

observation; Kelrick 1988) and other sources of food, including 

invertebrates ( Parmenter and Mac Mahon 1984) • 

Seed selectivity by ants Increased as a function of distance from 

the mound (Fig. 9). This observation Is consistent with an optimal 

foraging strategy for central place foragers (Orians and Pearson 

1977). Their greater selectivity In September, compared to August, 

coincides with substantially reduced worker activity and cooler surface 

temperatures. Greater selectivity Indicates that a high payload was 

required for efficient foraging in September. 

lnterspecific competition between rodents and ants.--Density com

pensation by rodents was not demonstrated upon removal of ants, despite 
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overlap in seed preference; although deermice, and perhaps chipmunks, 

were shown to be food I imited. Fbssible contributing factors are: 

1. A low impact by ants on the seed resource. This is unlikely 

con si dering the high density of ant mounds in the area, the rapid rate 

of removal of seeds by ants during summer feeding trials, and the high 

predation by harvester ants on seeds reported in other studies (Brown 

et al. 1979~ and citations therein, Reichman 1979, Inouye et al. 1980). 

2. The food I imitation indicated by supplemental mil let experi-

ments was not indicative of the situation actually experienced on ant 

removal plots. Millet seed is greatly preferred over any native seed 

found on the study area (Parmenter et al. 1984, Kelrick and MacMahon 

1985, Ke Irick et al. 1986). Although preferences for seeds such as 

0ryzopsis, Stipa and Bromus did coincide for ants and rodents, the 

quantities of these or other species of seeds released by the removal 

o f ants may have been insignificant. 0ryzopsis was not abundant on the 

study area, and seeds removed from ant mounds contained a greater 

pro portion of smal I-seeded species, such as Poa spp., Chenopodium spp. 

and seeds of the family Brassicaceae, than of Oryzopsis or Bromus. 

Limitation by means other than by food (Chapter 5), in the presence of 

seeds less preferred than mil let, may have prevented a nLJT1erical re

sponse to ant removal • 

3. High background food levels were promoted by the unusually wet 

conditions throughout the study. Wet seasons induce high seed 

productivity (Noy-Meir 1973, Pu I Ii am and Er and 1975, Inouye et a I. 

1980) and probably elevate nunbers of arthropods. eoth seeds and 

arthropods are included in the diets of deermice and chipmunks (Johnson 
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1961, Hal ford 1981, Parmenter and MacMahon 1983). lnterspecific compe

tition, if it occurs in a shrub-steppe environment (Rotenberry 1980), 

might be important only in years of drought (Pul I iam and Brand 1975, 

Weins 1977). 

4. It is very I ikely that the area cleared of ant mounds (1.54 ha) 

was too small to enable detection of a rodent response by trapping. 

Home range sizes of deermice averaged 0.31 ha on control grids in 

s~mmer, so few mice would be resident within the grid area (Chapter 

4. 2). Traps and food drew an ima Is in from a great di stance outside the 

trapping grid and the area cleared of ant mounds. This effect would 

prevent detection of smal I responses to ant removal. 

These results are consistent with those obtained in the Chihuahuan 

Desert (Brown and Munger 1985, Davidson et al. 1985), but contrary to 

results from the Sonoran Desert (Brown and Davidson 1977, Brown et al. 

1979a, Davidson et al. 1980, 1984). Brown and Munger ( 1985) and 

Davidson et al. (1985) attributed their differences to greater inten

sity of canpetition and canpensatory responses within each of the more 

diverse assemblages of each taxon in the Chihuahuan Desert, and to less 

dietary overlap between rodents and ants. Compensatory responses were 

not evident among the most abundant rodents in my study. Differences 

in dietary overlap, and in the faunal assemblage and seed milieu may 

lead to competition in the Sonoran Desert, but not in this study area. 

However, the evidence presented for density compensation by rodents 

upon removal of ants in the Sonoran Desert is weak, and does not stand 

up to reanalysis (Galindo 1986). Sample sizes and grid sizes were 

probably inadequate for robust statistical analysis (Gal lndo and Krebs 
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1986, Chapter 4.3, this study). P-5 Galindo points out, the average 

differences between control and ant-removal treatments on the Sonoran 

~sert study plots amount to only one individual of the four combined 

species. 

Some evidence of a canpensatory response to food supplementation 

was found for the least abundant granivorous rodent in this study. 

Admittedly, the evidence is weak, but Fig. 4 indicates that Great Basin 

pocket mice decreased in abundance when food was added. Competition 

from deermice, which increased in abundance, might have induced this 

decrease. Supplemental food had no effect on northern grasshopper 

mice, which are highly insectivorous (Johnson 1961, Horner et al. 

1964), or on the graninivorous sage voles (Johnson 1961, Maser et al. 

1974, Maser and Strickler 1978). 

Davidson et al. (1984) suggested that in the long-term, gran

ivorous rodents may indirectly facil ltate ants by reducing canpetition 

among their preferred food plants. Th Is study suggests that the pre-

sence of harvester ants may facll itate deermice. Fewer dee rm ice were 

trapped in the absence of ants during the final trapping period of the 

ant removal treatment In September 1983. Explanations of this rela

tionship are speculative, but may include effects of ants on the plant 

community as wel I as the physical presence of ant discs. Rad i ote I em-

etered mice (Chapter IV) were frequently observed close to ant mounds. 

They may simply have been foraging in the dense vegetation which grew 

on the perimeter of some discs (presumably induced by moisture runoff 

from mounds and perhaps discarded seeds). They may also have been 

searching mounds for seeds discarded by ants; ants discarded non-
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preferred seeds, particularly Astragalus and Bromus, on top of their 

mounds during the seed selection experiment. Predation by mice of seed 

stores within ant mounds (Clark and Cananor 1973) was not observed for 

native seeds, but mounds which had millet seeds stored in them were 

torn apart. 

In SLmmary, this study did not demonstrate ongoing competition for 

seeds between rodents and ants. Rodents were food- I im i ted, but compen

satory increases in rodent nunbers were not obtained upon removal of 

ants despite overlap In seed preference. In view of the large home 

range sizes of radiotracked deermice (Chapter 4.2) I suspect that ants 

were removed from an area too smal I to enable detection of any compen-

satory responses. Previous tests of ant-rodent competition may suffer 

from similar insufficiencies. Since food preferences did overlap, 

interspecific competition may occur during years of drought. 
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CHAPTER IV 

INFLUENCES OF FOOD AND SHRUBS ON DEERMICE: 

RESULTS AND DISCUSSION 

4.1 Population Responses to Food Addition and Shrub Removal 

Population size.--Fopulation size estimates for the 2 phases of 

trapping are presente d · ,, Fig. 10. For the September 1981-September 

A A 

1983 trapping period common means (N) and variances (var. (N) = In i=1 

se2;n2, D. R. Anderson, personal communication) were estimated for the 

four gr ids on which food was supplied and the five non-fed gr ids. 

Population size was significantly greater on fed grids at al I times 

when food was present, and not significantly different between fed and 

non-fed grids when food was absent (Chapter 3). Similarly, for the two 

f ed and two non-fed gr ids trapped between September 1983 and August 

1984, population size was greater on fed grids at al I times when food 

was present. The response to feeding was extremely rapid; nunbers had 

almost doubled by (}::tober 1983, five weeks fol lowing food addition in 

September. 

Numbers dee! ined over winter on non-fed grids during each of the 

three years, and continued to dee! ine between March and June, after 

breeding had commenced. A spring decline occurred on fed grids despite 

the abundance of food; and was al so present on the shrub-removal gr id 

in 1984. CNerwinter population sizes in 1983/84 differed between the 

two fed gr ids and between the two non-fed gr Ids. This may rel ate to the 

onset of snol'A'Tlel t. Grids 1 and 2 were snow free by 2 February but 30 
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cm still covered grids 7 and 8, small patches remained until 23 March. 

Numbers declined on grid 8 througho ut the winter and spring paralleling 

,... 
the control grids. Using the extrapolations of N in February and May 

it appears that these declines occurred principally in two pulses; 

during the severest part of the winter (0::tober to February) and in the 

latter part of spring (May - June). On grid 2 there was no evidence of 

an overwinter decline; however, a precipitous spring decline occurred 

between ~arch and June. The slight increase seen in March may have 

been due to an influx of mice fol lowing the early February snowmelt. 

An undetected winter dee I ine cou Id have occurred between Cctober and 

January. 

Popu I at ion sizes on the shrub-removal gr id are al so i I I ustrated in 

Fig. 10. Compared to the non-fed grids (pooled),population sizes on 

the shrub-removal grid declined to extinction when snow was present, 

increased in March (Z=2.56, P=.01), but otherwise were not sign i fi

c an t I y d i f fer en t ( P >. 0 5 ) • Th e g r i d w a s r e po p u I ate d i n Mar c h a t f a I I 

levels, but a significant spring decline occurred. Mice were not able 

to use the grid when it was snow-covered. During the February 10 

trapping period 10 cm of snow sti I I covered most of the gr id but had 

begun to melt in the northeast corner. The few mice caught were al I in 

this corner, or in traps on the perimeter of the grid. 

Demographic analysis.--The fol lowing demographic analyses are made 

from the numbers of individuals caught, subdivided according to gr id, 

sex and age. These data are presented for combined fed and combined 

non-fed grids and the shrub-removal grid in Table Al. Mice 13 g or 

less were designated juveniles, 14 - 16 g subadults, and 17 g or 
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heavier, ad u I ts. Growth curves indicate that Peromyscus weigh 13 g at 

approximately 4 wk of age (Layne 1968, Hansen and Batzli 1978, Millar 

et al. 1979) and are weaned between 3 and 4 wk of age (Stebbins 1977, 

Mi I I ar et al. 1979). Most mice weighing 13 g or I ess had juveni I e 

pelage (grey). The subadult and adult weight classes are combined for 

the analysis of sex ratio, grid fidelity and grid turnover rates. 

These age classes were difficult to distinguish, and bias may arise if 

a weight criterion is used under two different feeding regimes. 

Breeding condition is considered only for sexually mature individuals. 

Stebbins (1977) indicated that sexual maturity of female£..:. 

maniculatus, given uni imited food in a semi-natural situation, was 

reached at a mean weight of approximate I y 17 g and 6 wk of age. Mal es 

may attain sexual maturity soon after entering the trappable population 

at weights less than 17 g (Millar et al. 1979). Therefore, al I 

individuals designated as adults (17 g) are deemed potentially repro

ductive and are considered in the analysis of breeding status. 

Sex ratio.--Sex ratios of adults and subadul ts combined were 

influenced by supplemental food and varied seasonally on both fed and 

non-fed grids (Fig. 11; logit model tests are presented in Table A2). 

Significant! y higher proportions of females occurred in fed compared to 

control populations during spring. These ratios did not differ from 

August to O:::tober. Binomial tests (Zar 1974) indicated that there was 

a significant sex-ratio skew from parity towards females on fed grids 

in spring (when most animals were adults). In fal I (October 1982), the 

skew for adults and subadul ts was towards ma! es. The female skew in 

spring was attr ibutab I e to adults on! y; sex ratios of subadul ts on fed 



100 

• 

I FOOD ADDED I FOOD ADDED 

122 FED 
- NON-FED 

"P < 0.01 
• P < 0.05 

(•) P < 0.10 

Fig. 11. Sex ratios of adults and subadults (percent females) on fed and non-fed grids. 
Significance levels from log it model tests between treatments (lower), and binomial tests for 
differences from a ratio of 50 percent {upper). 
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grids were male-biased in June and August 1982 (binomial test: 

Z=2.935, P <.01), and were even or tended toward male bias in June and 

August 1984 (Table A1). By contrast, on non-fed gr ids and on fed 

grids when food was absent the skew was al ways towards males (Fig. 11). 

It is shown in Tab I e 8 that sex ratios of juveniles tended to 

differ between fed and non-fed gr ids during spring but not during fa I I 

(month I y data were pooled to increase scrnpl e size). The male skew on 

fed grids during spring was significant (binomial test: Z=2.77, 

P <. 01) • 

On the shrub-removal grid sex ratios of adults and subadults did 

not differ significant! y from parity during any of the trapping periods 

between September 1983 and June 1984. The ratio was very c I ose to 50% 

d u r i n g a I I mo n t h s • ( n = 6 , X 2 = 5 1. 2 3 , s d = 4 . 3 5 ) • Th u s , i n s pr i n g 1 9 8 4 

the shrub-removal grid differed significantly from both the female

skewed fed grids and male-skewed control grids (Table A2). 

Reproduction, weight distributions and demographic stucture.-

Logit model tests for reproductive condition are presented in Table 

A 3 • Br e e d i n g w a s s e a so n a I fo r b o t h sex e s , b u t t h e b r e e d i n g p e a k f o r 

males June) was more defined than it was for females (Fig. 12). Trap

ping was not conducted during winter on a regular basis, but a trapping 

session between 10-17 l\lovember 1983 (for radiotelemetry) revealed no 

mice in reproductive condition. These results indicate that breeding 

ceased in winter despite the presence of food. A lower proportion of 

the sexua I I y mature ma I es, compared to fem a I es, was in breeding cond i

t ion during any month. 



Table 8. Chi-square tests on juv enile sex ratios: (a) pooled data from June 1982; 
March, May and June 1984; (b) pooled data fran August 1982, 1984; O:tober 1982, 
1983. 

Female 

Male 

(a) March-June 

Fed 

37 

57 

x2 = 2.26, p = 0.13 

t\bn- fed 

16 

13 

( b) August-October 

Female 

Male 

Fed 

26 

28 

x2 = 0.40, p = 0.53 

t\bn- fed 

24 

20 
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The reproductive response of males was significant! y affected by 

feeding only in March 1984 (Fig. 12). Females extended their breeding 

season into October on fed gr ids and more females bred ear I ier in 

spring when food was present. Although the total proportion of females 

in reproductive condition (perforated, pregnant or lactating) did not 

differ between fed and non-fed grids in March 1982, more females were 

pregnant on the fed grids (X2=4.70, p <.05, Table 9), indicating that 

breeding did begin earlier when food was present. The physical condi

tion of the grids outweighed the effects of food in February 1984 

(Tab I e A3). At this time gr ids 7, 8 and G were sti I I snow covered, 

grids 1 and 2 were clear although grid 2 was stil I wet and muddy. 

Fem a I es i n b r e e d i n g con d i t i on we r e 0. 0 % on g r i d s 7 and G ; 1 7 % on g r i d 

8; 78 % on grid 2; and 80 % on grid 1. Cetectable pregnancies occurred 

only on the fed grids. Females on grid 1 were perforate only (Table 9). 

Breeding began on grid 1 approximately 1 February (trapping was 

conducted 10 February) and on grid 2 approximately 20 January (calcu

lated using a mean gestation length of 23 days [Layne 1968, Mi 11 ar et 

al. 1979]). 

Weight distributions for al I mice caught on fed and non-fed grids 

are i I I ustrated in Fig. 13. Mean female weights were greater, to some 

extent, at al I times when food was present. Mean male weights were 

I ess frequent I y affected by feeding than were female weights. Preg

nancy prob ab I y contributed to much of the weight difference. Food 

usual I y increased male weights, but in May 1984 mean weights of males 

were lower on fed grids due to the presence of juveniles. Adult male 

weights were not significantly different in May (Fig. 13). Recruitment 



Table 9. Percentages of adult females in breeding condition, sub-
d iv ided into percentages I actating, pregnant or perforated. 
F = Fed gr ids, NF - t-,on-fed gr ids ( including the shrub
removal grid in 1983-84). 

1 9 8 2 

Breeding Mar. June Aug. Cct. 
Condition 

F NF F NF F NF F 

Lac ta ting 0 14 24 12 14 35 

Pregnant 53 33 60 12 61 50 4 

Perforated 24 37 12 2 7 2 

1 9 8 3 

Apr. Sept. Cct. 

Lactating 12 16 16 38 2 0 

Pregnant 44 40 9 12 17 0 

Perforated 12 5 13 5 3 3 

9 8 4 

NF 

25 

3 

(' 

Feb. Mar. May June 

Lactating 

Pregnant 

Perforated 

0 

20 

43 

0 

0 

53 

11 

39 

1 7 

2 

10 

33 

15 

57 

5 

14 

27 

1 4 

21 

71 

2 

23 

64 

5 

59 
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of juveniles (sexes combined) was higher in early summer 1982 than in 

I ate summer/ fa I I ( June compared to August/October 1982; combined gr ids 

X2 = 11.96, P<.01). Food addition affected juvenile recruitment only 

in ~arch and May 1984, when proportionately more juveniles were caught 

on fed gr ids (X2=5.40, P<-05). Al I juven i I es were from gr id 2 in March 

but were caught on other grids by May. 

Removal of shrubs had no effect upon the proportions of adults in 

breeding condition, or upon weight/age structure. !:reeding condition 

differed from the control grids only when breeding was early on grid 1 

in February 1984 (Table A3). At this time the shrub-removal grid was 

sti 11 snow covered, on! y nine mice were caught and none were in 

reproductive condition. Weight distributions and adult male weights 

did not differ significant! y from those on non-fed gr ids al though adult 

male weights tended to be higher on the shrub-removal grid during 

spring 1984. 

Differences in breeding intensity(% reproductive) between years 

may be associated with weather conditions or with population density. 

More adult females were reproductive in late October 1982 than in 

Oct ober 1983 on both fed and non-fed gr ids (X2=4.92, P<.05; x2=7.60, 

P<.01, respectively). Similarly, female breeding intensity was greater 

in late March 1982 than it was in March 1984 (X2= 3.46, P=.06; x2=11.90, 

P<.01 on fed and non-fed grids respective! y). 

Residency and movements.--An indication of the amount of adherence 

to trapping grids and the amount of movement within the populations was 

obtained by examining indices of grid fide! ity, population turnover 

rates on gr ids, and d ispersa I between gr ids. Gr id fide! ity (often 
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termed "survivorship", e.g., Taitt 1981, Taitt and Krebs 1983, Ford and 

Pitelka 1984, Tamar in et al. 1984, Wolff 1985a) is the percentage of 

animals caught during the previous trapping period which are recaught 

during the present trapping period, nt/nt-l, i.e., it is "survivorship" 

between successive trapping periods (Figs. 14, 15). Interpretation of 

these and the fol lowing two figures should take into account the un

equa I time between trapping periods. 

Ne w c a pt u r e s a r e o ft e n d e s i g n a t e d i mm i g r an t s ( e .g • , Ta i t t a n d 

Krebs 1983, Ford and Pitel ka 1984, Fairbairn 1977, 1978~). I prefer to 

use the proportions of new to total captures within trapping periods 

simply as indices of population turnover rates (Figs. 16, 17), and 

avoid attributing this unequivocal I y to immigration (or births) because 

of possible trapping biases (Section 4.3). The log it model tests 

associated with Figs. 14, 15 and 16, 17 are presented in Tables A4 

and AS. 

For females, feeding general I y improved fide I ity during spring, up 

to the point of the population crash of March 1984. Food addition did 

not affect fide! ity in fal I (Fig. 14). In March 1984 fide! ity to grid 

1 was as high as on the fed gr ids, with gr id 7 I ower than the rest 

(Z=2.955, P<.01). Turnover rates were the reciprocal of fide! ity (Fig. 

16). Turnover was reduced by food addition during the spring of 1982, 

al though it was equivalent to that of the control grids during the 

severe 1984 spring decline. The reaction of males to feeding was the 

converse of females. Neither fide I ity (Fig. 15) nor turnover rates 

(Fig. 17) were affected by feeding in spring. Male fide! ity was im

proved by feeding during fa I I ( 1982: the high% of new captures and 
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variable fidelity in O:tober 1983 for both sexes was due to an inf I ux 

o f mice fol lowing initiation of feeding in September 1983). Gr eater 

adherence to gr id 1 than to gr id 7 was al so shown by males (gr id 7 vs. 

1, 2, 8 : Z=2.52c, P< .05). On the shrub-removal grid female fide I ity was 

as high in March 1984 as on the fed grids and gr id 1 (Fig. 14), and was 

significant! y higher than on grid 7 (Z=2.513, P<.05) despite the ab

sence of mice on the grid during winter. Similarly for males (Fig. 15) 

fide I ity general I y para I I el ed that on fed grids; al though it was inter

med iate between the fed grids and grid 7 in March 1984 (Table A4). 

Samp I e sizes of j uven i I es were sufficient for comparisons of 

f ide I ity only between summer (June - August) and fal I (August - O:to

ber) 1982 (Tab I e 10). Log it model tests indicated nod i fferences in 

fidelity due to sex or feeding (although sanple sizes when divided by 

sex and grid were smal I). Analysis of the combined sample indicated 

that juveniles had greater fide! ity to the trapping grids in fal I than 

in summer (Table 10). 

Fidelity for adults and subadults was compared between fal I and 

spring (overwinter) and from spring to fal I (oversummer), Table 11. 

Results of the log it model tests are provided in Table 12. As indi

c a t e d f r om t he pr e v i o u s s er i a I an a I y s i s ( F i g s • 1 4, 1 5 ) , o n I y f em a I e 

ove rwinter (September to March) fidelity was significant! y increased 

when food was provided (Table 11). Feeding made no difference to over

summer fidelity. Overwinter fide! ity (average 22.3%) was greater than 

oversummer fide I ity (average 7.5%) for both sexes (Pl, P2, P3 vs. P4, 

P5 - Table 12). Overwinter fidelity (6 months) of mice trapped in 

O:tober was greater than that of mice trapped in September (P2 vs. Pl, 



Table 10. Grid fidelity of juveniles in summer and fal I of 19e2 on 
canbined fed and canbined non-fed grids. Significance I eve Is: 
** = 0.01; * = o.os. 

Nunber captured 

Time per lod Gr Id M f M 

Jun .-Aug. 1982 fed 31 14 11 

u:>n-fed 12 11 2 

Aug.-Oct. 1982 Fed 15 3 10 

u:>n-fed 12 7 5 

J Fidel lty 

f M f 

2 35.5 11.1 

3 16. 7 27.3 

66.7 66.7 

4 41. 7 42.9 

Sexes 
& 

Gr Ids 
Canb lned 

26.5 

54. 1 

Results of loglt model tests: (Saturated model• G,S,D,GD,GS,DS,GDS) 

Parameters omitted L.R. Ch I square P-I eve I 

Al I 3-way & 2-way Interactions 2. 723 0.605 

Contrast Z-val ue Sll:1.-level 

Sex 0.656 NS 

Dete 2.855 •• 
Gr Id 1 .316 NS 

Parameters anltted L.R. Chi square P-level 

Al I Interactions, sex, grid 5.359 0.499 

Contrast Z-val ue ~ level 

Date 2.758 •• 
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Table 11. Overwinter and oversummer grid fidelity for adults and sub
adults on canbined fed and canbined non-fed grids 1981-1984, and 
on the shrub-cleared grid for the winter of 1983-84. Significant 
differences between sexes and grids within periods are Indicated. 
Significance levels: * = 0.05; (*) = 0.01. CZ values from legit 
mode I testsJ 

Over wl nter fldel lty 
Time Per lod 

1-fal I 1-spr Ing ~ grid fldel lty 
Period I 1-t>nths Gr Ids M F M F M F 

I lot>nths 

6 9/1981-3/1982 Fed 109 89 22 30 20.2 * 33. 7 
• 

( food present) 1-bn-fed 132 107 22 19 16. 7 17.8 

2 6 1011982-4/ 1 re3 Fed 135 ea 31 20 23.0 22.7 

( no food) 1-bn-fed 96 74 19 22 19.8 29.7 

3 6 9/ 1983-3/ 1984 Fed 75 67 16 24 21.3 (*) 35.8 
• 

( food present) 1-bn-fed 78 90 12 17 15.4 18.9 * 

Shrub- 31 31 9 10 29.0 32.3 
remove I 

Overs1.111mer fldel lty 

I - Spr Ing I - fall 

4 7 3/1982-I0/19e2 Fed 97 131 7 10 7.2 7.6 

( food present) 1-bn- fed 72 56 4 2 5.6 3.6 

5 4/1983-9/1983 Fed 74 60 8 10.8 (*) 1.1 
(*) 

< no food) 1-bn-fed 67 59 8 6 11 .6 10.2 



Table 12. Results of logit model tests for overwinter and oversummer 
grid fide! ity (Adults and Subadults). Rep! icate grids within 
treatments are canbined. Significance levels: ** = 0.01; 
* = 0.05; (*) = 0.10. 

MALES FEMALES 

Contrast Callb lned Fed & ten-fed gr Ids Fed gr Ids flbn-fed gr Ids 

Z value Sig. Z value Sig. Z value Sig. 
level level I eve I 

Periods 

Pl vs. P3 0.011 NS 0.21, NS 0.20, NS 

P2 vs. Pl,P3 3.193 •• 1.946 (•) 3.668 •• 
P4 vs. P5 1.487 NS 1.494 NS l .331 NS 

Pl ,P2,P3 vs. P4,P5 4.064 •• 4.477 •• 3.264 •• 

Q- Ids 

Fed vs. fib,._ fed l. 171 NS 1,971 • (differs by period, see Table 16) 

(+) Simplest models wh lch f It data: I Saturated • G,P,GPl 

Sex Parameters anltted 
frcn model L.R. OIi square P..level 

Faul es Q- Id x Per lod 14.837 o.oo, .. 

Q- Id, G x P 18.756 0.002 n 

Per lod, G X p n.11 0.000 n 

(+) none o.o 1.0 

Males Q-ld x Period 0.5907 0.964 

(+) . Q- Id, G x P 1.969 0~853 

Per lod, G x P n.86 0.002 •• 

70 
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P3 - Table 12), This was possibly because mice were moving through the 

po pulation to a greater extent in September, but were adhering to the 

gr id more in CCtober. Extensive early fal I movements would explain the 

A 

decl ine i n N which occurred on non-fed grids between September and 

Cc to b er 1 9 8 3 ( F i g • 1 O ) • 8 y c o n tr a st , o n t he s h r u b- r em o v a I g r i d m a I e s 

trapped in September had higher overwinter fidelity (29%) than those 

n e w I y- c a u g h t i n Cc to b e r ( 5 • 6 % ) X 2 = 3 • 8 6 , P <. O 5 • Gr i d t u r n o v e r r a t e s 

of both sexes were al so high during Cctober compared to control gr ids 

(Figs. 16, 17), and turnover rates were high for males in March (Fig. 

17). These observations are consistent with resident mice leaving the 

gr i d during winter, but returning in spring. Capture histories 

indicate that the high fide I ity and high turnover rates on this gr id 

wer e due to a base population of residents with a highly vagile 

po pulation of non-residents, especial I y males. Most of the mal e 

rec aptures in March, May, and June were of animals orig in al I y caught in 

Sep t ember (X 2=9,55, P=,002), Few (two) of the new captures from Oct

ober and March were recaptured, 

I n d i c es o f d i s per s a I b et ween ad j ac en t tr a p p i n g g r i d s ( Tab I e 1 3) 

i ndicat e that immigration contributed to the initial increase in popu

I a t i o n size fo I I owing food add it ion. During March 198 2 and October 

1923 al I movements were from non-fed to the adjacent fed grids. By 

contrast, in Apr i I 1983 after feeding had ceased the movement was in 

the opposite direction, away from the fed grids. Movements away from 

fed grids also occurred in late sunmer (August 1982), During the 1984 

spring dee! ine the rate of dispersal onto the food-addition gr ids 

dee! ined but did not increase on the control grids. In combination 



Table 13. Indices of dispersal onto food-addition grids (grids 2,8), control grids (1,7) and 

Grid 

2 -

8 -

1 -

7 -

the shrub-removal grid CG). Nunbers are the percentage of grid recaptures which originated 
from the adjacent gr Id. 

Inter-gr Id Mar. June Aug. O:t. Apr. O:t. Feb. Mar. May June 
d I stance 82 82 82 82 83 83 84 84 84 84 

fran grid 180 m 25 28 6 4 0 8 16 10 7 4 

from grid 7 272 m 0 0 0 0 0 5 19 12 6 4 

fran grid 2 180 m 0 1 /2* 13 0 11 0 0 0 0 0 

from gr Id 8 272 m 0 0 10 0 25 0 7 0 0 0 

G - from grid 7 593 m 0 0 0 7 10 

* Only two recaptures, one from gr Id 2. Elsewhere, sanple sf ze of total recaptures was between 10-26. 

Aug. 
84 

0 

0 
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with the severity of injuries (next section), this suggest s that the 

fate of many excluded individuals during this dee! ine was death rather 

than d is per s a I • 

lnjuries.--lnjuries were recorded after September 1983. Wounding 

coincided with the onset of breeding; in March and May 1984 a high 

proportion of the adults of both sexes were severely wounded (Fig. 18), 

males more so than females (results of the logit model tests are pre

sented in Tab I e A6). N::>ne of the subadul ts (N=45) trapped in Febru

ary, March or May were injured. The adult injury rate did not differ 

significant! y among the five grids unti I February when approximate I y 

10% of both sexes on fed gr ids were wounded. By March, 53% of ma I es 

and 24% of females on grid 1 as wel I as on the fed grids (2 and 8) 

carried injuries, and this rose to 60% of the adult males by May. 

Fem al es on gr id 2 had a higher I eve! of wounding in March and May than 

on gr id 8 ( Fig. 18, x2=4.58, P<.05 for the two months combined), 

coinc i dent with earlier breeding and a higher population size. (These 

differences were not significant for the individual months fr om the 

log it analysis due to smal I sample size). In June, fol lowing the 

decline in numbers on fed grids, the level of wounding of the remaining 

animals did not differ from grid 7 or the shrub-removal grid; both of 

these sustained very low injury rates throughout the entire period. 

High rates of injury were not observed between September 1981 and 

April 1983; had injuries been present at levels comparable to 1984 they 

cou Id hard I y have escaped notice. The extreme injuries in March and 

May 1984 probably I ed to death of many animals, either through sepsis 

of open wounds (many of which were extreme I y putrid), or by 
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susceptib i I ity to predation. A number of animals died in the traps 

apparent I y too weakened to withstand overnight detainment. lnjur ies 

included canplete removal of tails, legs and feet (both pes and manus), 

ulcerated faces, lost eyes and ears, and ulcerated 110unds on the rump, 

neck and shoulders. Several females had ulcerated stanachs, and one 

removed dead from a trap burst open and appeared to be rotting from 

within. The high levels of stress undoubtedly manifest with these 

outward signs were I ikel y associated with the hypothalamo-pituitary

adrenocortical syndrome (Christian 1963, 1978; Christian and Davis 

1964, [',av is 1978) I ead ing to breakdown of the immune system. Suscepti

b i I ty to infection was clearly high and the intra-peritoneal condition 

in females may have resulted from ulcers or inab i I ity to reabsorb 

embryos. 

Chi-square tests were used to determine which of the adult animals 

were suffering most injuries when the social strife began in March 1984 

on grids 1, 2 and 8. Animals were categorized according to breeding 

co n d i t i on , o v er w i n t er re s i d e n c y ( r ec a pt u r e or n e w c a pt u r e s i n c e t he 

I ast canpl ete trapping period in Cctober 1983) and weight (greater or 

less than the median adult weight, 23.5 g). For males (Table 14) the 

breeding (scrotal testes and/or perianal pouches), heavy weight, over

wintered residents carried most injuries (X2=9.45, P<.01; x2=5.27, 

P <.05, X2=9.60, P<.01 repectivel y). In contrast, more injuries were 

inf I icted upon the non-breeding females (X2=7.00, P<.01) with a ten

dency towards I ighter weight (X2=2.83, P=.09). Breeding condition was 

associated with heavier weight in both sexes (X2=33.50, x2=48.93 P<.01 

formal es and females, respective! y), but overwinter residency was 
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Table 1LI. The percentage of adults injured in March 1984 on grids 1, 2 
and R, classified according to breeding condition, weight and over-
winter residency. Sample sizes given in parenthesis. Signifcance 
lev e ls by Chi-square tests: ** = 0.01, * = 0.05, (*) = 0.10 • . 

Males Females 

E'reed i ng t\bn-breed i ng Breeding Non-breeding 

72.5 (40) ** 42.0 (69) 1 6. 5 ( 1 03) ** 35.2 (54) 

> 23.5 g < 23.5 g > 23.5 g < 23.5 g 

71.4 (28) * 46.3 (82) 17.1 (81) ( *) 28.4 (76) 

Resident New capture Resident New capture 

64 .7 (68) ** 34.1 (41) 23.1 (91) NS 22.7 (66) 



77 

associated with neither weight nor breeding condition. A higher pro

portion of those males which had per ianal pouches but regressed testes 

were injured than males who had descended testes (X2=3.79, P=.051). 

Distances moved~ the trapping grids.--The addition of food 

affected distance moved between successive captures within capture 

periods (Fig. 19). Mice moved shorter distances between traps on the 

fed grids, at al I times when food was present, except in O::;tober 1982. 

On non-fed grids males moved greater distances than females during 

three of the trapping periods. Sexes did not differ on fed gr ids 

except during Apr i I 1983, when food was absent; a I though the trend was 

for greater movement by males in al I months. Distances moved on the 

shrub-removal grid were intermediate between and not significant! y 

different fran fed and non-fed gr ids. 

lntergrid differences.-- The strong differences between grids 1 

and 7 (controls), and between grids 2 and 8 (food-addition grids) in 

February and March 1984 were due to differences in slope and aspect 

between the gr id sites. Gr id 1 (on a relatively steep, south-facing 

slope) was particularly wel I situated for early spring snownelt (e.g., 

in late January 1984 it was an island of dry habitat when snow covered 

t h e s u r r o u n d i n g a r e a s ) • He n c e t h e e a r I y b r e e d i n g , h i g h f i d e I i t y a n d 

high injury rates; al I equivalent to those produced on the food

add it ion gr ids. Sex ratios and popu I ation sizes were not affected to 

A 

the same degree, although Nwas larger than on grid 7. Similarly, in 

the wet spring of 1983 when snow storms continued through March, 

breeding (by females) was elevated on grid 1 (Table A3l, and popula-

tion sizes were larger than on any of the other non-fed grids. In the 



fl CONTROL 

X FOOD ADDITIO~ 

40 
ILSD 

t 
'cii' t 

I.... 
Q) 

+J 
Q) 

g 20 ____x/ 
:E 
0 x--✓ 
:E 
:E 

• • • • • • 
0 

Sep Mar Jun Aug Oct Apr ie! Oct Mar Jun 
81 82 82 82 82 83 83 84 84 

ADD STOP ADD 
FOOD FOOD FOOD 

Fig. 19. Mean maximum distances moved (MMDM) between successive trap captures on fed and 
non-fed grids. Significance levels from analysis of variance: fed versus non-fed;': P<0.05; 
female versus male P<0.05. 



79 

spring of 1982 (March, June), which fol lowed a relatively mild winter 

with ight snowcover and ear I y snowmel t, no significant differences 

were found among al I five non-fed grids. These results suggest that 

the responses obtained on grid 7 in 1984, rather than on grid 1, were 

representative of the general control situation. They al so demonstrate 

that environmental heterogeneity can lead to marked differences in 

population parameters over a smal I geographical area. 

Similar differences in responses occurred between the two food

addition grids in 1984. Early sno\oll'lelt on grid 2 coincided with higher 

female fidelity, N's, female injury rates, and earlier onset of 

breeding. In contrast, during March 1982 Nwasgreater on grid 8, as 

was breeding for females (Tab I e A3) and gr id fide I ity (combined sexes, 

x2=7.21, P< .01). No 1982 record was kept of localized snow conditions, 

however, these results suggest that the quality of localized habitats 

can vary annual I y. 

Snowtracking.--Counts of tracks in snow revealed differences in 

mouse activity I eve Is between the three treatment gr ids on which radio 

te I em etr y was conducted, and between dates ( Tab I es 15 and 1 6). The 

only non-significant difference was between the food-addition and con

trol grids in February. Most activity occurred on the fed grid, fol

lowed by the control and shrub-ranoval grids (Table 15). Pctivity was 

highest in t-bvember, particularly on the food-addition grid (probably 

due to seed caching), decreased in Decanber and increased in February. 

The distributions of activity across the gr ids were compared by chi

square tests on the nunber of tracks occurring per gr id square and are 

ii lustrated in Fig. 20. Tracks occurred only on the outer three grid 
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Table 15. The total nunber of mouse trccks recorded on the three radio
telemetry grids, winter 1983-84. 

Grid 

Shr ub-remov a I 

Control 

Food add it ion 

November 

23 

55 

220 

f,bnth 

['ec ember 

0 

8 

27 

F~br uar y 

7 

50 

41 

Table 16. Results of logl inear model tests ( z values) for the nunber 
of mouse tracks on the three rad iotel emetry treatment gr ids, 
winter 1983-84. Significance levels: ** = 0.01. 

~nth 

Can par i son November ['ecember February 

Contro I vs. Shrub-removal 3.473 ** 2.oe4 ** 4 .871 ** 

Fed vs. Shrub- remov a I 1 0. 330 ** 3.274 ** 4.299 ** 

Contro I vs. Fed 9 .176 ** 2.9f2 ** 0.932 NS 

t ~del = G,D,GD 

Date can par i sons (pooled gr ids) Z-val ue 

~.1ovember vs. December 6.427 ** 

December vs. February 3.679 ** 

November vs. February 5.917 ** 
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squares of the shrub-removal gr id in t\bvember and the outer two squares 

in February. None were evident in December. These tracks originated 

fran the shrubs bordering the gr id. Pct iv ity was greatest towards the 

center of the control grid, possibly because it was situated on a low 

rise with snow depth increasing towards the perimeter. On the food

addition grid, activity was highest on the feeder rows (unconnected 

points on Fig. 20) and towards the edge. Al I distributions were sig

nificantly different (G vs. C x2=21.92, G vs. F x2=24.02, C vs. F 

X2=16.65, P< .01). 

4.2 Deermouse Individual Activity Patterns and Use~ Space 

Home range sizes for each radiotracked mouse, with grid means for 

winter (November/February) and sunmer (May/June/August),are detailed in 

Table A7. Two exceptions should be noted. Mouse 5008 on the food

add it ion gr id (summer) was not inc I uded in the cal cul at ion of the mean 

because of insufficient locations (it was eaten by a weasel four days 

after being released with a transmitter. Secondly, the core area (0.6 

ha) rather than the 75% harmonic mean contour ( 1.3 ha), was used for 

mouse 4401 on the contra I gr id. Its I arge 75% area was due to two sets 

of outlier points, the core area was explored on most nights. A summary 

of the mean home range sizes for each gr id is provided in Tab I e 17. 

The analysis of variance for differences in home range size between 

grids, season and sex is presented in Table 18. Home ranges 

represented by seventy-five percent harmonic mean contours, centers of 

activity and nest-site locations for al I mice tracked on each grid for 

winter and summer are i I I ustrated in Figs. 21 - 26. Females and males 



Table 17. Mean home range size estimates (75% harmonic mean) of radiotracked mice in summer 
and winter (X + SD). 

Gr id 

Food-addition 

Control 

Shr ub-remov a I 

Winter 

453 + 441 

1987 + 1282 

1988 + 940 

Home range size (m2 ) 
Summer 

2661 + 1048 

3147 + 1584 

7010 + 295 6 
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Table 18. Analysis of variance for hone range size (75~ harmonic mean) 
by grid, season, and sex. Significance levels: ** = Q.01; 
* = o.os. 

Significance 
Source of variation df F-rat lo Prob ab 11 lty level 

Gr Id (Gl 2 7.93 0,002 •• 
Season ( Sl 24.47 0.000 •• 
Sex C Al 1.92 l',178 NS 

GS 2 2.68 0,087 NS 

GA 2 o. 13 l',880 NS 

SA 1 .48 0.24 NS 

GSA 2 0.41 0.67 NS 

Q"ld (Winter) 2 6.59 0.010 •• 
Control vs. Shrub-removal o.oo 0.999 NS 

Fed vs. Control/Shrub-removal 13. 10 0,003 •• 

Q" Id ( S1.111mer) 2 9,33 0.002 • 
Fed vs. O:>ntrol o. 19 o.668 NS 

Fed/ O:>ntro I vs. Shrub-removal 18.66 0.000 •• 

Season (Grid) 

Fed - Winter vs. Summer 29.26 0.000 •• 
O:>ntrol - Winter vs. Sunmer 1.87 0.199 NS 

Shrub-raaoval - Winter vs. S1111mer 10.49 0.010 • 
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Fig. 21. Seventy-five percent harmonic mean home ranges of radio
tracked mice on the control grid in winter. Mean home range size (m2) 

+ one standard deviation provided. 
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Fig. 22. Seventy-five percent harmonic mean home ranges of radio-
tracked mice on the control grid in summer. Mean home range size (m2) 
+ one standard deviation provided. 
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Fig. 23, Seventy-five percent harmonic mean home ranges of radio
tracked mice on the food-addition grid in winter. Mean home range size 
(m2) + one standard deviation provided. 
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Fig. 24. Seventy-five percent harmonic mean home ranges of radio
tracked mice on the food-addition grid in summer. Mean home range size 
(m2) + one standard deviation provided. 
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Fig. 25. Seventy-five percent harmonic mean home ranges of radio
tracked mice on the shrub-removal grid In winter. Mean home range size 
(m2) + one standard deviation provided. 
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Fig. 26. Seventy-five percent harmonic mean home ranges of radio
tracked mice on the shrub-removal grid in summer. Mean hane range size 
(m2) + one standard deviation provided. 
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had no significant differences in hane range sizes, although in summer 

the largest home ranges on each grid were held by males and the 

smallest (control and shrub-removal) by pregnant females (3318, 5200). 

Cn the control grid (Figs. 21, 22) home range sizes did not differ 

significantly between summer and winter (Table 18). Seasonal shifts in 

home range onto the grid in winter and off the grid in summer are 

suggested by these figures. This grid was located on a low, sandy rise 

which was shal !owly covered by snow in winter and became very dry in 

summer. In winter, foraging was confined to these higher areas but in 

summer radiotracked mice foraged in the nearby moister swales. 

Food addition resulted in significantly smaller hane ranges than 

on the control grid during winter but not during summer (Table 18). In 

winter ( Fig. 23), mice were concentrated on the gr id with ranges en

closing I ittle more than nest sites and feeders between which, when 

active, they made repeated caching forays. In summer (Fig. 24) , hane 

ranges expanded and were similar in size to those on the control grid 

(Table 18). Al I nest sites of mice rad iotracked in summer were located 

off the grid, with only three as close to the grid as they had been in 

winter. Mice stl 11 made repeated caching forays between feeders and 

nest sites, hence the bimodal concentrations of activity (Fig. 24). 

Deermice left the shrub-removal grid after the first snow on 12 

November and ranained within the cover of shrubs on the edge of the 

grid (Fig. 25) until snow melt In late February. Winter hane range 

sizes were similar in size to those on the control grid (Table 18). 

Hane ranges were relocated onto the grid after snownelt, and in summer 

(Fig. 26) were significant! y I arger than those on the control and fed 
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grids (Table 18). N:ist sites, during both winter and sunmer, were 

located within the boundary of shrub cover and not on the cleared area 

of the grid, with one exception. One of the three sunmer nest sites of 

mouse 1428 was within a ground squirrel burrow on the southern edge of 

the gr id, 10 m fran the shrub edge. 

Nest sites.--During daylight, mice were located in small under-

ground holes, in abandoned ground squirrel burrows and badger dens or 

in nests on the ground surface (Table 19). Some mice also dug holes 

into piles of loose soil deposited near the road edge. Three of the 

four mice making long distance forays from the west side of the food

addition grid in summer (Fig. 24) had nests under rocks piled at the 

base of a cliff. One mouse caught on the control grid (4403) also 

I ived under rocks on the face of the cliff ( Fig. 22). One third of 

the nest sites on the shrub-removal grid during sunmer and winter were 

located under piles of brush placed 10 - 20 m within the shrub boun

dary. 

Surface locations in winter consisted of wel I-insulated spherical 

nests constructed predaninantly of stripped bark. N3sts were placed on 

the soil surface, or in a depression, among the branches of low bushes 

which provided structural support against the snowpack. Sunmer surface 

nests were most often a simple depression, located under overhanging 

branches of prostrate shrubs and I lned with fine! y chewed grass, moss 

or bark stripped from sagebrush. 

Nest sites, particularly mouse holes dug Into the soil at the base 

of shrubs, and winter surface nests, were much more abundant on the 

food-addition than on the control grids. An est Im ated 63 abandoned 



Table 19. Nest-site locations of radiotracked mice on the three treatment grids in sumn,er (S) 
and winter (W). Numbers represent the total number of day nest-locations in each site, 
numbers in parenthesis are female, male locations. 

Grid 

s 
Control 

w 

s 
Food-addition 

w 

s 
Shrub-removal 

w 

Nest-site location 

Badger or 
Mouse hole ground 
under shrub squirrel den 

Surf ace 
nest or 
depression 

erush-p i I e 

Prush-pile 

8 (6,2) 2 ( 2, 0) 6 ( 2, 4) 

5 { 1 , 4) 5 (2,3) 0 

5 ( 4, 1 ) 5 {5,0) 0 

11 (8,3) 4 ( 2, 2) 2 { 1, 1) 

4 { 2, 2) 2 ( 1, 1) 0 4 ( 2, 2) 

3 ( 0, 3) 4 ( 3, 1 ) 0 4 ( 2, 2) 

Roe k p i I e ( c I i f f ) 
or dirt 
pile (road) 

4 { 4, 0) 

0 

5 ( 2, 3) 

{ 1 , 0) 

2 ( 1, 1) 

( 1 , ()) 
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bark nests, and 118 mouse holes occurred on the food-addition grid in 

spring 1984. Three nests and 13 mouse holes occurred on the control 

gr id (estimates from 2 m wide strip transects walked along each trap-

I ine). ~bne were found on the shrub-removal grid. 

Radiotracked mice frequent! y changed their day I ocations. Some 

mice changed nest sites up to six times during a month in winter and 

two weeks in summer; others remained at one nest site for the entire 

tracking period. Several osc i I I ated between two or three sites, 

spending a few days at a time at each one. The mean frequency of nest 

site changes, standardized to a 10 day period is presented in (Table 

20). There were no significant differences between sexes (Table 21). 

Changes were made more frequent I y in sunmer than in winter, and on the 

control, shrub-removal and fed grids, respective! y (Table 20). Differ

ences between grids were significant only in summer between the food

addition and control grids (tests of pairwise differences between 

means, Table 21). 

Nest site sharing in summer occurred only between male/female 

pa i r s , on t h e no n- f e d g r i d s • One pa i r on t he con tr o I g r i d ( fem a I e 

3323, male 2356) shared the same hole for five nights after whi c h the 

female moved to a new site. Another a pair (female 1524, male 2358) 

stayed together under a brush pi I e by the shrub-removal gr id for seven 

nights before they were recaptured. Long-term nest sharing was ev i

denced between a pair near the shrub-removal grid in winter. This pair 

spent two weeks in the sane brush pi le nest site during December before 

they moved to separate nests. Two weeks I ater, the female moved to a 

badger hole, was joined after two days by the male, and both were 

recaptured. 



Table 20. Mean frequency of nest-site changes per 10 day period for radio
telemetered mice. 

Gr Id 

Control 

Shrub- remov a I 

Food add It ion 

Summer 
X + SD 

3.33 + 1.52 

2. 42 + 1 • 1 7 

1.85 + 0.42 

Winter 
X + SD 

1.59 + 1.63 

0.91 + 0.55 

0.75 + 0.55 
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Table 21. Analysis of variance for the frequency of nest-site changes 
of radiotelemetered mice. Significance levels: ** = 0.01; 
* = Q.05; (*) = 0.10. 

Significance 
Source of variation df F-ratio Prob ab i I ity I eve I 

Grid ( Gl 2 3.09 0.063 ( *) 

Control vs. Fed 5.95 0.022 * 

Control vs. Shrub-removal ().88 0.358 NS 

Fed vs. Shr ub-remov a I 0.53 0.473 NS 

Season ( s) 1 3.08 0.001 ** 

G X s 2 0.23 0.800 ~IS 

Sex ( Al 0.05 0.831 NS 
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After being fitted with new transmitters in February, they shared a new 

brush pile nest site for four days before both disappeared. Badger/ 

ground squirrel burrow systems were occupied by members of the same 

sex during the winter. An additional female used the same badger hole 

as the above pair on the shrub-removal gr id, and two males shared a 

ground squirrel burrow on the control grid. 

Activity patterns.--Radiotelemetry was used to define generalized 

categories of activity and movement. Al I locations were subdivided 

according to two categories: whether they were at the nest site or away 

from the nest site, and whether the mouse was active or inactive. 

Pctivity was defined as greater than one distinct radio pulse change 

per minute during a 5 minute period. Mice were frequent! y inactive at 

nest sites, but were seldan inactive away fran nest sites (7 out of 946 

locations). Al I inactive away-from-nest site locations were on the 

food-addition grid during winter, when mice remained still for longer 

than 5 minutes under a shrub. Th Is category is not used for further 

analysis. 

Distributions of the three remaining categories, pooled over 

grids, are plotted for winter and sunmer In Fig. 27. There were no 

significant differences between grids In the proportion of time spent 

at nest sites dur Ing winter (Table 22). In summer, a lower proportion 

of female locations were recorded at nest sites on the shrub-removal 

gr id than on the other two gr ids. No obv lous exp I anat ion was evident; 

it could be a smal I sample size b las (only three fem al es were sampled 

can pared to f Ive on the other two gr ids). ~re time was spent at nest 

sites during winter (58%ofall locations) than sunmer (12%). In 
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Fig. 27. Activity and location (at or away from the nest site) of 
radiotracked mice throughout the night in winter and sUT111er. 
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Table 22. Chi-square tests for the proportion or radio locations 
centered on nest sites: H = at nest site; A= away from nest site; 
C = control grid; F = food addition grid; G = shrub-removal grid. 
Sign i f i c anc e I eve I s : * * = O. O 1 • 

Comparison: 

GRIDS 

WINTER 

SUMMER 

SEASON$ 

SEXES 

WINTER 

SUMMER 

H 

A 

H 

A 

H 

A 

H 

A 

H 

A 

C 

100 

50 

C 

45 

259 

Sunmer 

87 

665 

Male 

191 

137 

Male 

15 

322 

F 

226 

177 

F 

29 

120 

Winter 

399 

281 

Fern ale 

208 

144 

Female 

72 

343 

G 

73 

54 

G 

13 

286 

x22 = 5. 1 5 NS 

x22 = 27.42 ** 
F vs. C X21 = 1. 59 NS 

FC vs. G x21 = 25.30 ** 

** 

x21 = 0.05 NS 

x21 = 30.24 ** 
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winter, both sexes were Inactive 73% of the time, possibly undergoing 

torpor (Gaertner et al. 1973, Hi 11 1975, Lynch et al. 1978). Fem al es 

spent more time in nests during sunmer than males ( Tab I e 22), usual I y 

remained active (71% of nest locations), and may have been tending 

young or involved In caching activities. Males seldom returned to nest 

sites at night during sunmer. 

Although it was not possible to determine exactly what the mice 

were doing in their nest sites, some of the sunmer activity on the 

food-addition grid involved seed caching. Females 2334 and 3578 made 

repeated caching forays between the nest sites and the feeders. Seeds 

were al so found in the ho nest sites of female 5324, 137 m from the 

grid edge. The female who spent the most time at nest sites on the 

control grid (4406) was not obviously pregnant or lactating, but had 

been perforated. It ls possible that she may have been caching seeds 

in preparation for parturition. Ebth sexes cached seed on the food

addition grid during winter. One male died In his above-ground nest 

after hav Ing a transmitter lmpl anted ( he pul I ed the sutures out and 

eviscerated himself). MIiiet (500 g) was stored in a depression under

neath the nest. Other abandoned nests, found after snownelt in spring, 

al so had signs of granar les associated with them. Al I winter-tracked 

mice made repeated v Isl ts between nest sites and feeders. One female 

(3245), for exanple, made 10 visits between her nest site and feeder 

during a 10-minute Interval. Caching was not observed on the control 

or shrub-removal gr ids dur Ing winter. 

Winter-tracked mice on the control and shrub-removal grids seldom 

left their nest sites, but remained away for long periods when they did 
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( up to 30 min). The gen er a I movement pattern of mice tracked for the 

duration of their above-ground activity consisted of rapid movement 

across the snow surface to a shrub which was part! y visible above the 

snow level, submersion into the shrub, movement underneath (presunably 

foraging), re-emergence and travel to another shrub. Male 400, for 

example, spent a mean time of 11 min at each shrub visited during three 

canplete foraging bouts. 

Foraging activity in summer was concentrated at the feeders on the 

food-addition grid, the cleared area of the shrub-removal grid, and 

generally on the moister swales surrounding the control grid. The mice 

tracked in May on the control gr id were in areas in which ant mounds 

were ab und ant. These mice freqentl y spent time foraging in the immed-

i ate v i c in it y of ant mounds • 

Predation.--Those transmittered mice lost to predators or unknown 

ca uses are indicated in Tab I e 23. In winter, predation or loss was 

I argel y confined to the non-fed grids. The one mouse lost on the food

addition grid disappeared two days after being transmittered, prior to 

heavy snow accumulation. Numerous weasel tracks were found in the snow 

near its nest area. Five of the six mice disappeared fran the control 

grid; female 5056 1 s transmitter was recovered from an owl pellet and 

male 400's fran a weasel den. Male 200 was probably predated also. It 

was I ocated dur Ing the day on 15 February but could not be found that 

night. Three of six mice disappeared fran unidentified causes on the 

shrub-removal grid in t\bvember, and ho disappeared in February. 

In contrast, during sunmer, confirmed predation and losses due to 

unknown causes were confined to the food-addition grid. Two females 



Table 23. The proportion of losses of transmittered mice to predation or unknown 
causes. 

Gr id 

Food-addition 

Contra I 

Shr ub-remov a I 

Winter 

1/10 

5/6 

3/6 

Season 

Summer 

5/8 

0/10 

0/7 
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(5008, 3503) were eaten by weasels, and a third (5324) by a badger that 

dug up its nest. Twomalesdisappeared andmayalsohavebeeneaten. 

One predation attempt was detected on the shrub-removal grid. A badger 

dug up the first nest site of male 1428 but the mouse escaped and moved 

to a new nest site. 

4.3 Trapping Bias 

The home ranges obtained frcm radiotel emetry (Figs. 16-21) demon

strate that the 0.71 ha trapping grids did not contain the home ranges 

of the radiotracked mice in most cases. Only on the food-addition grid 

in winter (Fig. 23) was this assumption approximated to any extent. On 

the control grid, in summer (Fig. 22), the heme ranges of al I but one 

mouse I ay entire I y outside the trapping grid. Distances moved outside 

the grids during summer were I arge in relation to the grid sizes; the 

overal I mean maximum distance moved away from the grid boundaries 

(Table 24) was 99.3m. Clearly, the estimates of Ncannot be equated 

with the grid areas, and would be great! y biased estimators of density. 

Use of the average distance moved away from the gr id edge as an esti

mate of the boundary strip width produces an effective trapping area of 

7.9 ha; more than 10 times the grid size. The effective trapping area 

estimated from the average maximum distance moved between traps (41.4 

m) would be 2.7 ha. Home range sizes averaged 38%, 39%, and 100% of 

the grid area on control, food-addition and shrub-removal grids respec

tive! y. l:ondrup-Niel sen (1983) indicated that if heme range sizes were 

greater than about 6% of the grid size N would be a biased estimator of 

density, thus a correction should be made for edge effect. 
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Table 2.1. ~!aximun distances radiotracked mice moved away fran the edge 
of the trapping grids; and maximllTl home range diameters obtained 
fran trapping versus radio-tracking. Significance levels with 
Students t test: ** = 0.01, * = 0.05. 

11Nlo1rc•• .. 11--,,1,,. 11Nlo1rcklno 
8"14,'lll)uH I ........... •• 1 ... .i,t ..... •• , ... dlstMCe r-.••1-- ~-t- 1rape ,,. .. grt, -'9• 

l•I ! l ■I ! I•> 
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N 4401 m.o "·' 224.0 
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use of the mean maximum distance moved between traps on each grid 

( MMDM) to estimate the widths of boundary strips wou Id st i I I provide 

biased density estimates in this study. Between trap movements on the 

control and food-addition grids were of a much smaller scale than were 

the actual distances, measured by radiotelemetry, that mice moved from 

outside the grid to the grid edge (Table 24). I initially used the 

method of Wilson and Anderson (1985b) to estimate density, but 

abandoned the attempt due to obvious bias. Density estimates would be 

too high because the maximum home range diameters were underestimated 

by the trapping MMDM ( Tab I e 24). An adjustment factor cou Id not be 

introduced because there was I ittle correlat~on between radiotracking 

and trapping distances. Within grid correlations produced coefficients 

of r = -.19, r = .51, r = .26, (n = 7) on control, food addition and 

shrub-removal grids respective I y. There was no correlation between 

distances pooled across grids (r = .01, P=.01, n=21). Inter-grid 

comparisons would also be distorted, e.g., the food addition grid had 

the largest radiotracking home range dianeters but the smallest MMDM 

between traps. 

Edge effect is thought to be detectable in trapping data as a 

greater proportion of captures in the outer perimeter of traps (Tanaka 

1972, Schroder 1981, Ebndrup-Nielsen 1983). Using this criterion, edge 

effect was not apparent in this study despite the extreme edge effect 

i 11 ustrated. For exanple, on the control grid in summer (Fig. 22), the 

home ranges of 7 of the 8 radiotracked mice were outside the trapping 

grid. Al I of these individuals were trapped inside the perimeter 

traps, with no detectable edge effect from trapping data (mean number 
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of captures per mouse= 4,25, range 1-8). 

A 

Use of N as an index to density assumes that the edge effect is 

s im i I ar for a I I treatments. If an ima Is were attracted to traps from 

different distances outside the grids, then the differences in N bet

ween treatments (Fig. 10) might simply reflect differential edge 

effect. The distances radiotracked mice moved outside the food

addition grid were large, but they were not significantly larger than 

those outside the control or shrub-removal grids (Table 25); the pre

sence of baited traps appeared sufficient to induce movements onto the 

control grid. Thus, assuming that the distances radiotracked mice 

moved away from the grid edges are representative of the population as 

A 

a whole, the differences in N are probably indicative of density 

changes in the vicinities of trapping grids. The estimated N's can at 

least be regarded as comparable indices of population size responses to 

the treatments. Although some bias may be present, significant dif

ferences between other population parameters (e.g., breeding, sex 

ratio, fide I ity) on the three treatment grids reinforce the cone! us ion 

that differences in population size were not simply a function of 

trapping bias. The observed temporal fluctuations in N which occurred, 

irrespective of treatment (e.g., fa! I increases), may be part I y attrib

utable to trapping bias. 



Table 25. Analysis of variance for the maximum distance radiotracked 
mice moved away from the edge of the trapping grids. 

Source of variation df M.S. F-rat io Prob ab i I it y 

Gr ids 

Error 

Total 

2 

20 

22 

3515 

3849 

0.91 Q.58 

Individual 95% confidence intervals for mean based on pooled 
standard deviation (62.04) 

CONTROL 

FOOD-ADDITION 

SHRUB-REMOVAL 

0 

-----• -----
----- • -----

-----•-----
50 100 150 

NS 

200 

1 07 
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CHAPTER V 

INFLUENCES OF FOOD AND Sf-RUBS ON DEERMICE: DISCUSSION 

5.1 Trapping Bias 

An important result of this study Is the i 11 ustration of the I arge 

hane range sizes of rad iotracked m Ice in rel at ion to the size of the 

trapping grids; consequently the large edge effect. This result has 

imp I ications not only for the estimation of density but for other 

canmonl y used population paraneters. I have I argel y avoided using 

terms such as survival, dispersal, immigration or emigration, because 

of the high bias I ikely to result in estimates of these paraneters from 

the trapping data. For exanple, mice may I ive near the grids but only 

be attracted to them when food supplies are scarce. New captures \\Ould 

therefore not necessarily be recruits or immigrants (i.e., 

"dispersers", Sullivan 1980, Van 1-brne 1981). They could simply have 

undergone hane range shifts within the local area. Dispersal is 

equatable with immigration or emigration only if individuals leave 

their hane areas (Lid ic ker 1975). By the sane criteria, disappearance 

from the grid is not necessarily equatable with emigration or death; 

nor is fidelity equivalent to survival. Such associations are, 

however, canmonly made in studies of deermice (e.g., Flowerdew 1972, 

Fairbairn 1977, 1978~, Taitt 1981, Wolff 1985a). G'"id sizes in these 

studies were similar to mine (0.8-1.0 ha). 

The assunption that between-trap movements are indicative of the 

extent of movements outside the grids was shown to be incorrect. Many 
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trapping studies indicate that home range size is inversely related to 

density or population size (e.g., Stickel 1960, Sheppe 1966, Parmenter 

and MacMahon 19e3) and to resource availability (Miller and Getz 1977, 

Bowers and Smith 1979, Taitt 1981). Other investigators found no such 

relationship (tv'etzgar 1971, Van rbrne 1981, Wolff 1985b). Radio-

tracking in this study showed that home range size was not d i r ec t I y 

grids, but related to density or to food availability on the trapping 

rather to the dispersion of food and cover in the local area. By 

contrast, MMDM's between traps decreased in response to food addition. 

Consequently, home range sizes estimated from trap locations would 

decrease 

the grids. 

and would be inversely related to density and food levels on 

These results suggest why relationships determined from 

trapping data are inconsistent. Trapping studies al so show that male 

deermice have larger home ranges than do females (e.g., Williams 1955, 

Myton 1974, tv'etzgar 1971, 1979, Mihok 1979, Taitt 1981, Van rbrne 1981, 

Wolff 1985b). In this study males sometimes moved greater distances 

between traps, but the telemetry results indicated no sexual differ

ences in home range size. Other radiotracking studies show similar 

results (Mineau and Madison 1977, Madison 1977) • .Afjain, trapping bias 

may be involved, although I recognize that small sample size may lead 

to type 2 error in the radiotelemetry comparisons. 

Mice were attracted to the food-addition and shrub-removal 

by trapping and the experimental treatments. Rad i o tr ac k i ng 

grids 

on the 

control grid indicated that mice whose home ranges lay entirely outside 

the gr id were being attracted solely by the baited traps. That traps 

attracted deermice was also seen on the shrub-removal grid. Two radio-
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tracked mice systematically searched each trap along the trapl ines on 

this grid one night after traps were closed. These results imply that 

use of capture locations to indicate microhabitat preferences may be 

meaningless, if baited traps draw animals from their usual foraging 

loca tions. 

An additional imp I ication of the I arge di stances mice were 

attracted to the gridsisthatanytreatmentapplied to the grids 

ca nnot be regarded as homogeneous. That is, many mice trapped on the 

grids experience conditions other than those imposed on the gr id area. 

Large edge effect may al so invalid ate independence of rep I icate gr ids, 

if the grids are too closely spaced. 

5.2 Food Resources as a Limiting Factor 

The numerical response to food supplementation imp I ied that deer

m ice were food I imited. 1-bwever, sex ratios indicated that females 

responded to a greater extent in spring and males responded more in 

fal I. Similar results have been obtained in other studies (Gilbert and 

Krebs 1981, Taitt 1981, Wolff 1985b). Increased population sizes on 

"fed" gr ids have been attributed to decreased home range sizes ( esti

mated from trap locations or shorter inter-trap movements), hence 

greater packing of animals onto the grids (Taitt 1981, Gilbert and 

Krebs 1981). In this study, radio tracking indicated that food did not 

reduce home range sizes in spring and summer. Metzgar (1973) and v.blff 

(1985b) similarly concluded that food did not affect home range size. 

Home range shape did change and the part that was on the grid was 

smaller than the ranges on grids where food was absent. Considerable 
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home range overlap on the food-addition gr id probably contributed to 

the increased population size during summer. Higher densities during 

winter could be attributed to decreased home range sizes. 

Food enhanced female reproductive rates in spring and fal I on the 

supplemental grids. At these times natural food supplies are scarce. 

Maximum seed production occurs between late June and early August 

(personal observation, Kelrick 1988). Invertebrates are scarce in 

early spring, reaching a smal I peak in numbers in June and maximum 

numbers in late August and September (Parmenter, unpublished data). 

Lactating females require up to 200% of their non-breeding energy 

requirements, most of which is obtained through increased food intake 

rather than from fat accumulations (Millar 1975, Stebbins 1977, Millar 

1979, ~i 11 ar and Innes 1983). This energy was not available in early 

spring or late fall on control grids. Increased reproductive rates 

were reflected in greater recruitment of juveniles in spring 1984 (as 

found, for example, by Hansen and Batz! i 1978, Taitt 1981) but not 

during spring 1982. This is probably a reflection of earlier trapping 

in 1984 when the differences in breeding status of adults on fed and 

non-fed grids were more extreme. 

It has been suggested that the length of the breeding season for 

deermice in temperate winter climates is entirely determined by food 

avail ab ii ity (Sadleir et al. 1973). Taitt (1981) confirmed this in 

southern British Columbia, where deermice bred in winter when food was 

supplied. In my study area, breeding ceased between t,..bvember and 

February despite availability of food. This might have been due to the 

direct influence of freezing temperatures (Millar and Gyug 1981) or the 
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c ombined effects of decreasing photoperiod and cold temperature-induc ed 

reproductive regression (Lynch et al. 1980, Glass and Lynch 1981, Lynch 

and W i c hm an 1 9 81 ) • The physical effects of temperature and snow cover 

o n restricting the movements and activity of mice, and inducing changes 

in their sociality (e.g., social nesting for thermal benefits, Lynch et 

al. 1978, Vogt and Lynch 1982, Andrews and Eelknap 1986), may also 

induce reproductive regression during winter. 

If food availability is a prominent I imiting factor on the popula

ti o n, then grid fidelity should be enhanced by higher levels of food 

r esources. This was true for adult and subadult females in the spring 

when breeding intensity was high. Male fidelity was higher on fed 

grids only in fall after breeding had virtually ceased. Juvenile 

fidelity was al so greater in fal I despite higher recruitment i n summer. 

These results and the observation that fol lowing high prebreeding 

densities in the spring of 1984 neither female nor male fidelity was 

improv ed by feeding suggests that food is only proximately I im iting for 

both sexes. 

The extent of the sex ratio skew in spring reflects differential 

distribution of sexes according to resource levels. Adult f emales 

pr edominated in food-rich habitats (fed grids), and males were more 

abundant in relative! y food-poor habitats (control gr ids). Sex ratios 

were equal on the shrub-removal grid, where food levels were probably 

intermediate (Section 5.3). Skewed sex ratios in other studies may 

also be attributable to differences in food levels. Similarly, Fordham 

(1971) and Taitt (1981) trapped a higher proportion of females on food 

supplemental compared to control grids (even v~rsus male biased 
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ratios). Eowers and Smith (1979) found more females in moist compared 

to xeric microhabitats; and less clearly, Sul I ivan (1979) and Van f-brne 

(1981) thought females were more abundant on logged compared to un

logged coastal forests. These results strongly support the predictions 

of Sadleir (1974), Fairbairn (1977) and Van f-brne (1981): if adult 

female distribution and survivorship is primarily governed by food 

ava i I ab i I ity in the ear I y breeding season then breeding and survival of 

females wi I I be greater in food-rich habitats and one might expect a 

male sex ratio skew in food-poor habitats. The aggression associated 

with the extreme skew in spring 1984 suggests that differential sex 

distributions are active! y maintained. 

In contrast to those of adults, subadult and juvenile sex ratios 

were skewed towards males on fed grids in the spring and summer. It is 

possible that the initial captures of juveniles could be male biased 

due to disparate ratios at birth (Smith 1967, Terman and Sassaman 1967, 

Canham 1970), faster growth rates (as found for Microtus, Myers and 

Krebs 1971) and better survival than females as nest! ings ( Hansen and 

Batzli 1978). Juvenile males may also be attracted to the trapping 

grids upon weaning. Long distance movements of~ leucopus occurred 

before they reached 12 g (Hansen and Batz! i 1978), and young males had 

shorter periods of residence and greater turnover rates (on 1 ha trap

ping grids) than females (Wolff and Lundy 1985). Many trapping stu

dies, including this one, show that between-trap movements are often 

greater for males. If this is a reflection of greater home range 

sizes, then commonly observed male biased sex ratios (Fairbairn 1978a, 

Taitt 1981, Van f-brne 1981, this study) could arise because males are 
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drawn to traps fran a greater distance from outside the trapping gr id 

than are females. If food was an attraction, one might expect an even 

greater male biased sex ratio on fed grids. My radiotracking results 

belie differential movement between sexes or treatments for adults. 

Therefore it is my belief that the differential adult sex ratio skew on 

fed and non-fed grids is not due to trapping bias, and is primarily a 

result of social interactions mediated by differences in resource 

levels. suspect that the male skew on fed grids of both subadults 

and juveniles may be a reflection of trapping bias and greater mobility 

of young males. 

In summary, my results demonstrate that food is a I imiting factor 

on the deermouse population, especial I y in winter when greater numbers 

of both sexes on food-rich areas could be attributed to decreased home 

range sizes. During the breeding season, numbers of both sexes, but 

particularly males, declined despite the presence of food. Temporal 

variability in grid fidelity of juveniles and adults/subadults, and in 

sex ratio skew appears to be related to the breeding status of the 

adult population. As evidenced by their lower breeding response, lower 

spring fide! ity and sharper decline in numbers, males appear to be less 

strongly food I imited than are females during the breeding season. 

These results suggest that food availability is only proximately I im

iting. Social factors, mediated by differences in resource levels, may 

ultimately determine breeding season densities. 



115 

s.3 Shrub Cover as a Limiting Factor 

Parmenter and M:lcM:lhon ( 1983) found nod ifferences in deermouse 

popu l ati on sizes, hane range sizes, spatial distributions of captures, 

sex r ati o s o r age structure when they canpared the shrub-removal grid 

with a control grid in 1980/81. Their canparlson was based on trapping 

be tw een the months of M:ly and September. SI mi I ar I y, I found no s i g-

nifi ca nt differences in estimated population size in June, September 

and 0::: tober in age str uc tur e or d i stances moved between traps • Sex 

r ati os wer e similar in fall but were significantly different in spring. 

A 

The r adi o telemetry results illustrate that the estimated N's represent 

mi ce whi c h used, but were not restricted to the area cleared of shrubs. 

E€ca use mice used both cleared and shrubby habitats this treatment 

r ep r e sents the effects of large clearings, rather than the absence of 

shru bs, o n population parameters. Shrubs, and the pi I es of brush 

c l eare d fran the grid, were used as nesting sites during my study . It 

is I ik el y th i s was al so the case In 1980/81. Therefore the c onclusion 

that shrubs were unimportant to deermlce (Parmenter and MacM:lhon 1983) 

pr oba b l y per tains only to foraging habitat. Trapping, radiotrack i ng and 

snowtracki ng indicated that deermice vacated the area cleared of shrubs 

d urin g the period of winter snow cover. At this time m Ice used shrubs 

as a shaft to access ground and snow surfaces. Forag Ing was carried 

o ut beneath shrubs, which probably provided a subnivean snow-free 

sp ace , but travel occurred on the snow surface. Shrubs were maintained 

a s nesting sites in winter, and in some situations (e.g., on food

addition grids) provided structural support against the snowpack for 

nests bui It on the ground. 
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Differential sex ratios (between shrub-removal and control grids 

in the spring of 1984, but not during 1980/81) coincided with differ

ences i n the qua I i t y of for a g i n g ha b i tat. So i I seed r es er v es , and 

grass and forb cover were not affected by shrub removal in 1980/81 

(Parmenter and MacMahon 1983); although grass cover was beginning to 

increase by August 1981 (Table 1). By September 1983, shrub removal 

had promoted an increased grass and forb cover, which was also higher 

th.an the cover on my food-addition and contro I grids ( Tab I e 1). Soi I 

seed reserves were not analyzed in 1983, but increased grass/forb cover 

probably resulted in increased production of seeds. Arthropods may 

also have increased with the increasing grass/forb cover (Waterhouse 

1955, Larmuth 1979). These changes promoted favorable foraging habitat 

for deermice during the snow-free season, as indicated by the movements 

of radiotracked mice, the high overwinter grid fide! ity, and the higher 

proportion of females using the grid in spring compared to the control 

grids. The presence of more mice on this area in March 1984, than on 

the control grids, may have been attributable to higher overal I food 

levels, and the release upon snownelt of seeds which were not avai I able 

during winter. The decline in June may have been a function of social 

interactions rather than a decline in preference for the area. 

Some foraging decisions represent a trade-off between predation 

risk and resource avai labi I ity (e.g., Pul I iam 1975, Caraco et al. 1980, 

Krebs 1980, Grubb and Greenwald 1982, Schneider 1984). 0eermice in 

deserts may restrict their foraging activity to shrubs because of high 

predation risk in open areas (Thompson 1982~, Kotler 1984, 1985). This 

hypothesis presupposes that predation risk is greater in open areas 
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than it is under shrubs; the major risk being owl predation (Clarke 

1983, Kotler 1985). Alternative I y, selection of shrubs as foraging 

habitat in deserts may be a reflection of heterogenous seed distribu

tion patterns. Seeds tend to accumulate in the soi I and I itter under 

shrub canopies (Nelson and Chew 1977, Thompson 1982~, Mojave desert; 

Parmenter and tJacMahon 1983, Kelrick 1988, this study area). 

Peromyscus man icu I atus is an opportunist. It is frequent I y the 

fir st species to co I on i ze recent I y disturbed areas (e.g., Parmenter and 

MacMahon 1983 and citations therein, Hingtgen and Clarke 1984) and is 

behaviorally plastic (Wywialowski 1987). Jt appears to be restricted 

in its habitat use by species with greater habitat specialization 

( Ha I I et et a I • 19 8 3) • Ex per i men ta I stud i es show that P. man i cu I at us 

may be competitive! y displaced by other species (0-owel I and Pimm 1976, 

Abramsky et al. 1979, Holbrook 1979, Munger and Brown 1981, Brown and 

Munger 1985). In this study£· maniculatus was the predominant species 

in the rodent community, thus interspecific displacement was probably 

not a major consideration in its habitat choice. Predation risk during 

summer did not appear to be greater in the open than under shrubs. 

Incidences of predation during summer on the shrub-removal and control 

areas were low and mice showed no avoidance of open areas that were 

rich in food. Much of the foraging time was spent either on the shrub 

removal area, or around ant mounds and in smaller grass patches. Deer

mice tended to stay under cover, where possible, when food resources 

were free I y av a i I ab I e. Where feeders were p I aced in i nterspaces on the 

food addition grid, it was noted that pi Jes of seed husks occurred 

under the nearest shrub, rather than c I ose to the feeder. Such 
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behavior might decrease vulnerability to avian predators. The most 

abundant predators in this study appeared to be short tail weasels 

(Mustela erminea) although owls, badgers, coyotes and bobcats were 

present. Weasels are smal I, so shrubs might provide mice with less 

protect ion fran weasel predation than, for example, fran owls (Kotler 

1985). Wywi a I ows ki ( 1987) confirmed ex per imenta II y that deerm ice 

showed only a smal I inherent preference for areas with greater cover 

density, in canpar ison to am icrotine habitat specialist. Furthermore, 

differences in cover density did not affect its vulnerability to preda

tion by a mustel id. Differences in habitat specific predation risk, 

canbined with higher shrub densities or greater ground cover in Inter

spaces, may explain the contrast with Kotler 1 s (1984) results in the 

Great Basin Desert. The choice of foraging habitat by deermlce on this 

study area appears to be a function of opportunistic exploitation of 

food resource distributions rather than predation risk. Risk fran 

avian predators might contribute to foraging under shrubs within 

shrubby habitats, but shrubs are probably favorable foraging sites due 

to greater seed accunul tion at their bases than In inter spaces 

( Parmenter and Mac Ma hon 1 983, Ke Irick 1 988) • 

Predation by owls may have been more important during winter, when 

mice could easily be seen on the snow surface. This is suggested by 

the high level of winter predation on the control grid, where mice 

moved longer distances and were predated more than they were on the 

food-addition grid. O,e transmitter was found in an owl pellet at this 

time. Owls were canmonly heard during winter but not sunmer. Vulner

ability to predation appeared more closely related to population 
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density than to cover density during summer. Heavy predation on the 

high density food-addition grid may relate to a numerical response by 

predators to the increased prey density. Al though the gr ids were too 

smal I to evaluate predator densities, captures of weasels occurred only 

on fed grids. The predictable movement patterns of foraging mice, 

between feeders and nest sites, might have exacerbated their vulnera

bl ity to predators. 

In summary, the absence of shrubs increased grass and forb cover 

during summer and provided attractive foraging habitat. Changes in 

demographic structure resulted, intermediate between those on the 

control gr id and the changes produced by food-addition. This response 

appeared to arise from increased habitat heterogeneity; shrub clearing 

promoted increased food levels on the grid but mice stil I required 

shrubs for nesting cover. 

5. 4 Intra specific Socia I i ty and the Spring Dec I i ne 

A spring decline in population size occurred on al I grids, but 

most dramatical I yon the food-add it ion and shrub-removal gr ids in the 

spring of 1984. Deel ines were most severe where food was abundant, 

where early spring population sizes were high (e.g., March 1984) and 

where snow melted early. The level of agonistic behavior, in 

combination with winter to summer home range expansions on the food

addition and shrub-removal grids, and the absence of wounding following 

the decline in August 1984, suggest that much of the decline is 

soc i a I I y i nd UC ed • Reproductive aggression was most severe in food-

rich areas. Following snownelt in spring, the shrub-removal grid was 
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repopulated at fal I levels. The decline between March and May/June 

could be attributed, at least for males, to reestabl ishme n r of 

territories by residents of the previous fal I. 

The predan in anti y female response to food-addition, female skewed 

sex ratios and low fidelity of juveniles and males in spring and summer 

on food-rich areas are consistent with the fol lowing hypothesis: social 

interactions are a regulating mechanism during the breeding season, and 

those interactions are driven by inter-female defense of high quality 

breeding habitat (~tzgar 1971, 1980, Hansen and Batzli 1978, Taitt 

1981, Taitt and Krebs 1983). The greater degree of male wounding, par

the ticularly of breeding, heavy weight, resident males, canbined with 

I esser degree of wounding of females, additional I y of those which were 

of I ighter weight and non-breeding, lends credence to the fol lowing 

suggestion: on high density habitats males, whose home ranges overlap, 

canpete aggressively among themselves for access to females; daninant 

females have more mutually exclusive area-association and defend 

breeding habitat (Wolff 1985b). Adult males were heaviest on fed grids 

in ~~rch 1984, when food enhanced breeding and aggression was intense. 

Heavier males are more aggressive (Sadleir 1965, Fairbairn 1977) and 

are probably daninants (Iverson and Turner 1974). Continued interaction 

between daninant males who were not tightly area-associated 'l'IOuld lead 

to a high I eve I of inter-male wounding, particular I y where female den

sity was high (Terman 1984). In contrast, area-specific association, 

with per haps 

avoidance of 

1 98 3 , \'tb I f f 

territorial defense of nest sites and tolerance or 

known neighbors at hane range boundaries (Wolff et al. 

1985c) 'l'IOuld lead to I ittle 'l'IOunding among breeding 
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females. Breeding adult females are aggressive (Wolff 1985c) and 

might exclude I ighter weight, non-breeding females, inflicting some 

injury upon them. Aggression frcm both sexes would lead to exclusion 

of juveniles (Sadleir 1965, Healey 1967, Halpin 1981, ~tzgar 1971, Van 

Horne 1982) or subordinates ( Spencer and Caneron 1983) from more favor

ab I e habitats. 

The intensity of the spring decline and spring female sex ratio 

skew coincided with high population density in high quality habitat. 

Together with the levels of wounding on the three radiotelemetry grids, 

this implies density dependant social interactions. However, temporal, 

as wel I as spatial var iab i I ity in habitat qua I ity may induce variations 

in social structure with in an area that are not directly related to 

estimates of crude density (Van Horne 1981). Social strife, as indi

cated by the wounding levels on al I grids, was density dependent on a 

broad seal e in that it occurred only fol lowing high fal I densities in 

1983 but not fol lowing lower fal I densities in 1981 or 1982. l'bund i ng 

on a I ocal seal e appeared to be related to the I im ited avai I ab i I ity of 

patchy breeding habitat in a temporally and spatially heterogenous 

environment, independant of density. Wounding was not only an artifact 

of artificially high densities on the food-addition grids but occurred 

at a similar intensity on control grid 1 where snow melted early com

pared to the surrounding area. The dispersion of heme ranges corrobo

rates the suggestions of M3tzgar (1971) and ~blff (1985a, 1985d) that 

at low densities habitat is non-saturated by heme ranges and aggression 

is lacking, while at high densities overlap is increased and aggression 

is high. The observation of paired nest sharing on the non-fed grids 
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and absence nest sharing on the food-addition gr id supports the notion 

that monogamy may be prevalent at low densities and polygyny at high 

densities (Metzgar 1979). Lack of habitat saturation and unvariant 

home range sizes at low densities appear to preclude sudden spring 

declines. 

Female resource defense does not appear to be predan inantl y a 

function of food, hane ranges expanded despite feeding. Locations of 

suitable nest sites may be partly responsible for the spring home range 

expansions and population decline on the food-addition gr ids. Although 

sufficient numbers of mouse holes were counted on grid 8 to house indi

vidually the maximum number of mice caught at any time, these may have 

been unsuitable for breeding and too closely spaced to prevent 

breeding interference (Wolff and Lundy 1985, Wolff 1985c). Predation 

pressure possibly contributed to the choice and density of nest sites. 

Al I nest sites of summer-tracked mice on grid 8 were subterranean or 

within rock piles and were away from the grid. Ad her enc e to those 

nests was greater than on the control grid (grid 7) where, in addition 

to similar sites, surface nests were used frequently. Mammalian preda

tors would be more Ii kel y to extract a mouse fran a surface nest and 

may concentrate their searches on such nests at high density. 

tion of radiotracked mice was high on the food-addition grid in 

and summer, and part 

Preda

spring 

of the 

spring decline 

was probably directly responsible for 

on the high density grids. Those mice exc I uded fran 

these gr ids may have moved to poorer breeding habitats ( Metzgar 1971, 

Van f-brne 1982), but the fate of many during spring 1984 was socially 

induced mortality as a result of heavy wounding, rather than dispersal. 
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The gradual spring decline on the control grids, and part ot the 

decline on the other grids, may involve a number ot factors, none ot 

which can be clearly isolated from this study. The decline may include 

a continuation ot winter mortality. The redistribution ot home ranges 

in spring (e.g., on grid 7 from the dry ridges in winter to the moister 

swales in summer) combined with decreased intrasexual home range over

lap (indicated by the radiotracked home ranges on grid 7) was probably 

a major contributor. Lack ot habitat saturation (as on grid 7, or 

following the ephemeral concentration on grid 1) would obviate the need 

tor overt aggression. Part of the dee I ine may al so be due to increa-

sing food availability in the local area, diet expansion (Taitt 1981) 

and subsequent I y I ess attraction to baited traps. Ce spite the prob a-

bil ity of some trapping bias, the dramatic spring declines on the food

add it ion gr ids, and their associated manifestations, indicate that much 

of the decline in food-rich habitats was due to social interactions, 

home range expansion and predation. 

5.5 Population Fluctuations and Regulating Mechanisms 

Habitat heterogeneity can lead to uneven distributions of small 

mammal sex and age classes (YanHorne 1982, Spencer and Cameron 1983, 

Kincaid and Cameron 1985), This study indicates that socially induced 

variation in population density and demographic structure was a local-

i zed phenomenon. Spatial variation was induced in response to habitat 

manipulations of food avail ab ii ity and shrub cover, and also occurred 

temporal I y as a result of patchiness in snow cover. Such smal I-seal e 
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variations have implications not only for the social consequences of 

imal movements e.g., socially subordinate animals may be relegated to 

adjace nt less optimal habitats, or "dispersal sinks" (Lidicker 1975, 

Gaines and M::CI enaghan 1980, Van 1-brne 1981, Stenseth 1983), but al so 

for population fluctuations. Annual fluctuations in population density 

and the inconsistencies regarding such fluctuations in the I iterature, 

may result from localized movements into and out of habitat patches of 

different quality, according to the physiological status (breeding 

condition) of the population and the dominance status of the individ

ual. Changes insusceptibility to traps may enhance such fluctuations. 

For example, fall increases in deermouse population size (on grid sizes 

of 0.8-1.0 ha) are often obtained (e.g., Sadleir 1965, Petticrew and 

Sadleir 1974, Fairbairn 1978a, Gilbert and Krebs 1981, Taitt 1981, Van 

1-brne 1981, Mi 11 ar and Inn is 1983). In absolute numbers caught the 

largest fall increases are between 12 to 25 individuals in populations 

ranging from 1 0 to 40 per ha. ~st studies enlJTlerate the number of 

animals caught, or the minimun nU11ber alive (Krebs 1966) and have 

I ittle, if any, replication. With no estimate of standard error it 

seems potentially fallacious to unequivocally attribute these increases 

to increased survival and recruitment (e.g., Sul I ivan 1979, 1980, Van 

1-brne 1981) or to dispersal (Fairbairn 1978~). suggest that even 

statistically validated fal I increases (e.g., those which occurred on 

both the food-addition and control grids in Ct:tober 1982, Fig. 10) may 

simply be a function of increased attraction to traps as a result of 

decreasing local food availability, and greater fall mob ii ity due to 
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reduced territorial behavior. It is Ii kel y these increases are fac i I i

tated by decreased aggressiveness of the adult population (Sadleir 

1965, Healey 1967, Fordham 1971, Petticrew and Sadleir 1974, Fairbairn 

1977). Dispersal, survival and recruitment may not be necessary to 

account for movements and population fluctuations when the scale of 

habitat variation is smal I in relation to the distances moved by deer

m ice. 

Yearly differences were evident in both fal I and early spring 

population sizes. The higher fal I numbers in 1983 canpared to the 

previous two years, appeared to be a generalized phenomenon in the 

western U.S. (Johnson 1986) and may relate to the unusually wet summer 

( 372 mm above average recorded at the Kemmerer NOAA station). The 

higher early spring (March) population sizes on food-addition grids in 

1984 canpared to 1982 were probably related to the combination of high 

fall population sizes and the early and continuous, deep sno11eover 

(Fig. 1) which al lowed the construction of surface nests on the grid. 

The 1984 spring melt period was rapid,and lacked the freeze/thaw, 

snow/me It eye I es experienced in March 1982, which can I ead to energy

stress and mortality in small mammals (Sauer 1985, Pruitt 1984). 

Despite the higher fal I population sizes in 1983, spring popul a

t ion sizes did not differ significant! y between the three years on 

control gr ids, and by June 1984 the population sizes on food-add it ion 

grids had declined to the 1982 levels. There thus appears to be densi

ty dependent regulation of numbers towards a steady ear I y summer popu-

1 ation size, which is influenced but not determined by food levels, and 

may depend on am in imum home range size required for breeding ( W'.)I ff 
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1985b). On food-addition grids the regulating factors included spring 

home range expansion, socially induced spring mortality and predation; 

with perhaps sane dispersal. The extent of overwinter mortality may 

depend on interactions between depth of snow cover, food 

and predation. Where food was abundant ( food-add it ion 

av a i I ab i I it y 

grids) the 

advantages of heavy snow cover ( insulation, e.g., Pruitt 1984, nesting 

cover and reduced predation risk) were realized as low winter mortal

ity. Heavy snow cover may not be an advantage on low food quality 

areas, because of restricted foraging habitat (as seen on the shrub

removal gr id). Predation risk was increased when deerm ice crossed the 

snow surface between patches of foraging habitat. The r eg u I at i ng 

factors on these areas included winter predation, and redistribution of 

hane ranges in spring. 

5.6 Summary 

1. C'eermouse populations in this ecosystem did not appear to be 

influenced by canpetition from harvester ants during the period of this 

study. Sane facilitation by ants may occur, but the area cleared of 

shrubs may not have been sufficiently large to produce a response 

detectab I e by trapping. 

2. Food was I im iting for deerm ice only to the po int that social 

interactions during the breeding season placed a I imit on maximun 

densities. Food reduced home range size in winter but not during the 

breeding season. 

3. The absence of shrubs prevented winter use of the shrub-

cleared area, but during summer provided attractive foraging habitat. 
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Enhanced food levels, fran increased density of grasses and forbs, 

promoted changes in demographic structure that were intermediate be-

tween the control situation d that on the high density food-addition 

grids. Ceermice stil I used shrubs around the edge for nesting cover 

and for additional foraging habitat. 

4. eoth food addition and shrub removal enhanced the quality of 

breeding habitat and pranoted conditions which led to a socially in

d uc ed s pr in g d ec I in e • 

5. The intensity of the spring decline and associated aggressive 

behavior was density dependent, but also related to the I imited availa

bil ity of patchy resources in a spatially or temporally heterogenous 

environment. 

6. Spring declines fol lowed high fal I densities and were in i-

tiated by hane range expansions and agonistic interactions at the onset 

of breeding in high quality habitats. 

7. Pggressive behavior may lead directly to spring declines 

through intrasexual exclusion of subordinates by both sexes. Ind iv id-

ua Is exc I ud ed from these areas may sh i ft their rang es to poorer 

adjacent habitats, but indications were that during the 1984 spring 

decline on food-rich habitats the fate of many of these subordinates 

was socially induced wounding mortality. 

8. Although the evidence is circunstantial, predation appears to 

contribute to the spring dee! ine in high quality habitats both direct

I y, and by increasing the dispersion of residents to safe nest sites. 

9. Trapping bias, as wel I as local habitat heterogeneity, may be 

responsible for much of the variability in home range sizes, population 
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fluctuations and inferences made about social systems in previous 

studies. 
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Table Al. The nunber of mice caught on canbined fed, and combined 
non-fed gr ids subdivided by sex and age. 

Ila lg ht Sept Mar Jun h,g O:t ~,. Sept O:t Feb1 Mar ~.,. Jun• .... g+ 
Cg) ~Id Su 81 e2 82 82 e2 Pl 83 83 8, 8' 8• 8• 8' 

,!13 Fed F " 0 19 3 " 2 17 3 0 7 ' 7 6 

M 29 0 32 1, 7 0 14 2 0 2 10 13 • 
TOTAL 63 0 51 18 21 2 31 5 0 9 1, 20 10 

N:>11-fed F •6 12 7 13 31 • 0 0 0 ' 0 

14 !8 0 12 12 7 3 25 0 0 0 0 

TOTAL 8' 2, 19 21 • 56 • • 
U-16 F•d F " 8 10 21 '2 10 57 " 23 3 3 9 3 

14 61 8 23 37 51 ' •6 29 3 • 9 7 

TOTAL 10, 16 33 58 93 " 103 e, 26 • 7 18 10 

N:>11-fed F u 17 ' " 37 9 99 27 6 0 

14 66 11 13 28 51 ' 9, 14 0 0 9 5 

TOTAL 110 28 17 ,2 88 13 193 ,1 7 0 10 6 

.!17 Fed F 12 139 93 ., •2 58 !2 6, •9 uo 120 '7 7 

14 22 100 62 •8 51 81 58 87 82 88 33 21 • 
TOTAL " 239 155 91 156 139 90 151 131 228 153 68 11 

N:,11- fed F 29 ., 25 26 38 62 66 2, 11 27 15 11 5 

14 32 70 33 " 57 78 77 u 38 35 23 13 2 

TOTAL 61 113 58 60 95 1'0 143 68 •9 62 38 2, 7 

!13 g 9'rub- F 3 0 0 0 0 
r•o,,al 

14 5 0 0 2 

TOTAL 8 0 0 3 

1'-16 F 20 16 2 8 0 0 

14 16 10 0 0 

TOTAL 36 26 2 9 0 

~17 F 9 15 2 2, 29 11 

14 13 19 5 28 28 7 

TOTAL 22 " 7 52 57 18 

1 trapped 2 n lghts only 
♦ grids 7 and 8 only 
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Results of logit model tests (z values) on sex ratios of Table A2. 
adults 
date. 

and subadults; tests for differences between treatments by 
Significance levels: ** = 0.01; * = 0.05, (*) = 0.10. 

1 9 8 1 1 9 8 2 1 9 a , 

S.pt. Jun. ~ug • ()ct. S.pt. 

F-4 vs. N:>~f•d o.,oe -o .590 o. )44 o.66, 

1 9 a , 1 9 a 4 

S.pt. 198)-Juno 1984 S.pt. Oct. Fob. Mor. May 

fed vs. N:>~f•d (1,7 vs. 2,8) 1.260 -0.))4 -1.nll•> -2 .219• -3.807 .. -2.559• 

fed vs. Shrut).r•o,al 1 .061 -0.081 -o.e16 -2.143• -4.087 .. -1. 767( •> 
<2,8 vs. GJ 

J«>~ fed vs. Shrul>-r•0tal -1 .088 0.455 1.665t 1. 740f 2.723n 2 .350• 
< 1, 7 vs. G> 

~Id 2 ... G81 NS 111 dons, P < 0.10 

~Id 1 ... G7, NS 111 dans, P < 0.10 

S.pt. 1981-Sept. 198): x2 bot .. on grids within treafloonts 111 NS P < o.o, 

Sl ■ plest J,bdels which flt d1ta1 (Set...-ated • G,O,GOJ 

Coto P.-••t.-1 mltted L.R, 011 squro P..10¥1I 
troa aodel 

Sept. 1981- GO 1).68 O,Oll" 
S.pt. 19el 

None 0,00 1,000 

Sept. 198)- GO 41,56 o.ooJ.•• 
Jun• 1984 

Nono 0,00 1,000 
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Table A3. Results of log it model tests ( z values) on the percentage 
of adults in breeding condition; tests between treatments/grids and 
sexes by date. Significance levels: ** = 0,01; * = 0,05, (*) = 

0. 1 o. 

Sept. 1981-Sept. 1983 

Fed vs. NOr>-fed F9fflol e 

Male 

MIiie vs. Fe,ule 

Sept. - 198J-June 1984 

F•ole 2 vs. 8 

7 vs. G 

1 VI. 7,G 

2,8 vs. 1, 7,G 
(Fed vs. NOr>-fed) 

MIiie 2 vs. 8 

7 vs. G 

1 vs. 7,G 

2,8 vs. 1, 7,G 
( Fed vs. NOr>-fed) 

MIiie vs, Fe,ul e 

-0.287 

0.640 

10.E98u 

Sept. 

-0.639 

1,162 

1 .477 

-0.566 

o. 725 

0.819 

0.197 

o.u4 

4.017 .. 

June 

2.,,,. 
o.5,i 

O:t. 

-0.437 

I NS 

1. 121 

2.003• 

0.28J 

I HS 

0.194 

o. 709 

.'1.246 .. 

Aug. 

0.278 

Feb. 

3.319• 

I HS 

2.211• 

0.405 

-Q.802 

I NS 

O • .'IPI 

1.201 

6-916 .. 

x2 tests between grids within treotfflents, Sept. 1981-Sept. 1983 

():t. 

1.687(•) 

'. ,o, .. 

Mor. 

, • 762 

0,854 

0.600 

2.415• 

0.079 

0.985 

1 .671 

2.094• 

6 .84 7n 

Apr• 

0.7'7 

0.090 

2. 773n 

Mey 

o.oee 

0.877 

0.021 

2.4e1• 

-1.438 

o • .'146 

-0.0.'11 

1 • .'186 

-0.087 

F•oles, Fed grids, Q"ld 8 > rest for Morch 1982, x2 • 15.53nl IOr>-fed grids• NS 

Moles: Fed grids• NS; NOr>-fed grids, Q"ld 1 > rest for ~rll 1983, x2 • 19.53n 

Sl■ plut ltldels which flt .dote: (Soturoted • G,O,S,GO,GS,OS,GOS) 

Ollte 

Sept. 1981-
Sept. 1983 

Sept, 1983-
June I 984 

Sex 

C0ob lned 

FMal e 

MIii• 

Canb lned 

FHale 

Male 

Parllfteters 011ltted L.R. Clll square 
fr011 •odel 

GOS, GS 8.29 · 

IOne o.oo 

GO 2.67 

GOS, GS 2.57 

NOne o.oo 

GO 1).12 

I HO breeding evident on either grid, expected values• o. 

P..level 

0,217 

1.000 

o. 750 

0.861 

1.000 

0.593 

Sept. 

0,621 

5. 796 .. 

June 

-1 .458 

1 ·°'' 
0.211 

0.795 

0.818 

0.346 

0.214 

-0.990 

5. 752 .. 
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Table A4. Results of log it model tests ( z values) on gr id fidelity of 
adults and subadults; tests between treatments/grids and sexes by 
date. Significance levels: ** = 0.01; * = 0.05, (*) = 0.10. 

1 9 8 2 

Sept•ber 1981•Septo01ber 1983 Mar. June Aug• 

Mal. YS. F••'. f'OO I ed -1. 713( •) 0,596 1.070 
grids 

Fed -2. 133• -0.259 0,657 

M:>n-fed -0.222 1,623( ., 0,987 

Fed vs. M:>n-fed FINllol e 2,534• 3 ,256"' 1,063 

Mole o. 703 1 .805( 1 ) 0,479 

O::t. 1983· June 1984 ():;t, 1983 Mor. 1984 Jun. 1984 

Mole vs. Faul• 0.806 -1,921 • -1.371 

F'OOI ed aver grids 1. 160 -3,992"' -0,610 

Fed -0,819 -2.936 11 -1,027 

M:>n-fed 0.525 -1. 7371 1,475 

F••'• Fed vs. M:>n-fed 1 .813( • l 2,373 1 0,331 
(2,8 YS, 1,7) 
G2 YS. G8 2. 1531 1,659( ., -o ,335 

G1 vs. G7 0,446 2.955•• 0,381 

2,8 YS. G 1,331 -1,076 •0 , 315 

1, 7 vs. G -(1.164 1. 751 o. 128 

Moler Fed Y s. M:>n-fed 0,223 1,884( 1 ) -2, 13s,e 

G2 vs. G8 -0.219 -0.546 -0.461 

G1 YS. G7 o. 730 2.006• 0,943 

2,8 ••• G -(1.258 •1,916( I) •1 , 561 

1, 7 vs. G 0.654 1.485 2,599"' 

x2 tests between grids within treatwients: Sept. 1981-Sept. 19831 

M:>n-fod grldsi NS for either sex 

():;t. ~-
1.230 -0.97' 

1 ,6'3( 0 ) 0,041 

-0,126 •1 ,493 

0,469 -1.011 

2,438 1 0,576 

Fed grldsi 10 .. r ■ ale fldel lty on grid 2, higher f•ale fide! lty on grid 8 In l'llrch 19821 
lower ■ ale fide! lty on grid 3 In O::t. 1982. 

Sl ■plut lt>dels which flt data, (Saturated• G,O,S,GO,GS,OS,GOSl 

Sept. 1981· 
Sept . 1983 

O::t. 1983· 
June 1984 

Sex 

O:nb !nod 

F-ale 

Male 

Comb lned 

FtNllole 

Mole 

par .. aters o■ ltted L.R. OIi squere 
fr011 fflodel 

GOS, GS 9,90 

l()ne o.oo 

GO 3,73 

GOS, GS 12,86 

tcne o.oo 

GO 7, 15 

P-1 ... , 

0,129 

1.000 

0,590 

0.379 

1.000 

0,520 

1 9 e 3 

Sept. 

1.506 

1,829( 0) 

0,154 

•1, 731 (I) 

-0.148 



Table A5. Results of log it model tests ( z values) on gr id turnover 
rates of adults and subadul ts <% new captures); tests between 
treatments/grids and sexes by date. Significance levels: 
** = 0.01; * = 0.05, (*) = 0.10. 

1 9 8 2 1 9 8 3 

Seph•ber 1981-Sept•ber 1983 Mor. June Aug, Cct. Af>r • 

Mole vs. F•ale Fed -0.1,e 1. 15, 1 .8'2c•1 -2.03,• -2.2,9• 

ten-fed -o. 8-49 -1.472 -(1.839 o.e84 1. 750( • l 

Fed vs. ten- fed Feaal • 1.'30 -1.968° -2 . 666 .. o.436 1.563 

Male 2.611•• 0.518 -o.,eo -2.617 .. -2.484° 

Cct. 1983- June 1984 Cct. 1983 l'ar. 19e4 Jun. 1984 

Male vs. F•ale R)ol •d 1.404 0.854 -0.203 

l;l'"assy 1.000 1.921 (•) 1,371 

Fed 2. 100• o.,oo 0,447 

ten-fed o.,66 1,315 0.686 

F•ale Fed vs. ten-fed 4.,,, .. 0.964 -Q.930 

G2 vs. G8 0.021 1.229 -o. 771 

G1 vs. G7 - 1 .998° -0.093 -0,811 

2,8 vs. G -0 .249 -0.185 o.3e3 

1, 7 vt. G -3.,31 .. 0,920 -1.017 

Male 1 Fed vs . ten-fed ,.542 .. -0.937 -0.561 

G2 vs. G8 1. 424 1. 716 -o. 729 

G1 vs. G7 -1.476 -2.732 .. -0.56' 

2,8 vs. G 2.437• -2. 105• -1.377 

1, 7 vs. G -2.11e• -1 .076 -0.994 

x2 tests beheen grids within treataents, Sept. 1981-Sept. 19831 

ten-fed grids, Significant difference In June, Aug. and Cct. 1982; grids and s11><es Inconsistent. 

Fed grids, Slgnlflcent difference In l'erch, June, Q:t . 19821 grids and sexes Inconsistent. 

Slaplut ~•Is which flt data, (Saturated• G,O,S,GO,GS,C'S,GOSI 

Sept. 1981-
Sept. 1983 

Cct. 1983-
Jun• 1984 

Sex 

Ctlllb lned 

Feaal • 

Male 

Caob lned 

F•al • 

Male 

Par111eters 011 ltted L.R . 0,1 square 
fraa o,odel 

ten• o.oo 

tene o.oo 

ICne o.oo 

GOS, GS 9.41 

ten■ o.oo 

p.one o.oo 

P-1 .... , 

1.000 

1.000 

1.000 

0.151 

1.000 

1.000 

Sept. 

-1.130 

-0.127 

0.520 

-0.699 
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Table A6. Results of logit model tests (z values) for injuries on separate grids in 
1983-1984. Significance levels: ** = 0.01, * = 0.05. 

Com par I son 9 8 3 9 8 4 

Sept. O:t. Feb. Mar. May June 

Poo I ed over gr Id s : 

Male vs. female 1. 786 1.024 0.495 4 .356** -4 .433** -0.353 

Gr Ids (pooled over sexes) 

7 vs. G -0.209 0.199 0.451 -0.130 0.461 o. 386 

1 vs. 7,G -0.755 0.270 -1.302 4.537** 2.888** 1.152 

2 VS• 8 o.518 0.633 -0. 796 1 .603 0.870 o. 479 

1 vs. 2,8 1.246 -0.564 2.140* -0.250 -0.375 -o. 156 

2,8,1 vs. 7,G 0.01a -0.086 -0.651 5.099** 3.176** 1,397 

Slmpl est MJdel s wh IC h f I t data : (Saturated= G,D,S,G0,GS,DS,GDSl 

Date Sex Paraneters anltted L.R. Chi square P-level 
from model 

Sept. 1983- Canb lned G D s, G S 12.46 0.974 
June 1984 

Female G D 15,05 0.860 
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Tab le A 7. Home range size estimates ( 75% and core area harmonic 
mean ) sex, weights, and source of loss of rad iotr ac ked mice. 

Hane R11nge Size cm2 > Hane R11nge Size ( .,2, 
1-t>use II wt. M:>use# I wt. 

Sex J.tlnth ( g) 75% H. M. ():)re kea Sex !-t>nth ( g) 75% H. M. ():)re kea 

Food- add It I on WINTER S I.M-IER 

3313 F flc>V • 19 198 119 2334 F Jun. 24 2330 1040 

3300 F Nov. 20 569 370 3578 F Jun. 26 2666 

3245 F flc>V • 17 339 - 116 5324* F Jun. 31 1~81 92 9 

5234t F Nov. 22 105 24 3503* F "8y 29 2604 

5013 F Feb. 17 220 127 5008* F May 30 (26) eaten by _we11se I 

501 7 M Nov. 18 1481 975 4025+ M Jun. 21 2020 1479 

3468 M N:>v • 19 260 143 4036 M Jun. 22 4663 

5423+ M Nov. 21 lost 5457+ M "8y 23 lost 

5327 M Feb. 18 452 

x + s ill.!.~ ~.!. 1048 

Control 

5056* F N:>v ./ 17 1317 786 3323 F May 23 3534 
Feb. 

5106 M N:>v • 17 2867 1769 3318 F May 25 468 

400* M Feb. 19 3710 1464 4402 F Aug. 17 3186 2415 

200+ M Feb. 18 514 294 4125 F Aug. 19 2692 2022 

300+ M Feb. 18 1525 4406 F Aug. 18 2730 1604 

4001+ M Feb. 17 lost (4403) F Aug. 20 I lved oncllff240m 
Iran gr Id 

2356 M "8y 20 4338 

4202 M Aug. 16 2273 1317 

4401 M Aug. 18 C 12558 l 5916 

1001+ M Aug. 20 lost 

x + s 1987 .!. 1282 3147 .!. 1584 

Shrub- removal 

3528 F N:>v • 16 1600 776 1524 F May 23 8615 6077 

3535+ F Nov./ 17 3354 1217 5200 F Jun. 24 1550 
Feb. 

1515 F N:>v • 16 bir led by snowplow 3556 F Jun. 21 7503 

2127 M Nov. 18 1775 1428 M ""'Y • 21 9333 5505 

5167+ M H:>v ./ 20 1221 912 5157 M May 13 5466 4192 
Feb. 

1435+ M N:>v • 18 lost 2358 M Jun. 24 6219 3874 

5201 M "8y 'l2 10384 5990 

x + s 1968 .!. 940 7010 .!. 2956 

• confirmed pred11tlon 

+ d I seppeared - unknown causes 

tr 11n sm I tter ed on Q- Id 7, moved to fed. 
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